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THE STEAM TURBINE: THE STEAM ENGINE 
OF MAXIMUM SIMPLICITY AND OF HIGHEST 
THERMAL EFFICIENCY.* 

By H. Tuurston. 


Tue Steam Engine of Maximum Simplicity and of 
Ideal Thermal Efficiency would presumably be de- 
fined, by one familiar with the general principles of 
science—even if entirely ignorant of its applications 
of contemporary date in the heat-motors, mechanically 
—as a machine having a minimum number of moving 
parts and thermodynamically free from other wastes 
than those of the ideal thermodynamic machine. Such 
a machine has never been produced, and it is not to be 
expected that it will ever be constructed in perfection. 
Yet the close of the nineteenth century sees a remark- 
ably close approximation to this ideal; and that, curi- 
ously enough, by reversion to an ancient type and by 
the reproduction, in refined form and proportions, of 
the “Greek idea of the steam engine,” as illustrated 
by Hero in his “ Pneumatica,” 120 B. C., and in better 
type, though no better form, by Branca, in his “ Ma- 
chine deverse,” of 1629. 

The ideal construction is certainly reached in a ma- 
chine in which there exists but a single moving ele- 
ment; and the ideal thermodynamic machine is approx- 
imated in a motor in which adiabatic expansion is se- 
cured,and friction and heat waste may be madesources 
of comparativelysmall loss. The elementsof waste, con- 
duction, and radiation, and incomplete expansion, are 
probably capable of large reduction, with improved 
construction and continued experience in the appor- 
tionmentof the appa- 
ratustoits work. The 


same as those of the hydraulic motors, and have ‘been 


developed with the greatest elaboration by Weisbach 
and other early writers of our time, and have been ap- 
plied in construction by the engineers of every civil- 


Fie. 2.—BRANCA’S STEAM-ENGINE, A, D. 1629. 
(From “ History of Growth of Steam-Engine,” p. 17.) 


ized nation. It was not because no attempts had been 
made to utilize this class of motors; for, from time to 
time, ever since Branca, and especially within the past 
century, steam, as well as hydraulic, turbines have 
been built and experimentally used.* 


More than half a century ago, a steam turbine of 
the Hero form was built in Baltimore, by Atwater, 
which, with its comparatively large scale of construc- 
tion, fairly well-proportioned arms, and generally ex- 
cellent design, was found to give, as then reported, 
practically the same economy in operation as the or- 
dinary steam engine of the time of similar power. 
Within the last twenty-five years, both the Hero and 
the Branca forms of turbine have been extensively 
introduced into the United States, and without at- 
tracting attention, either of the public or even of en- 
gineers, by the constructors of dairy machinery in 
their “cream separators” or “centrifugals,” making 
from 6 to 8 thousand revolutions per minute or more 
in small sizes, and where no other direct acting motor 
is practicable. The result was an astonishing effi- 
ciency in many cases of good design; and the Branca 
form, particularly, exhibits such satisfactory quali- 
ties, as constructed by Laval for this use, as to make 
it a permanent and standard addition to our list of 
prime movers. Many inventors have attempted its 
perfection during the last years of the nineteenth cen- 
tury, and its efficiency has been brought up by Par- 
sons, Laval and others of the more successful among 
them, to a very satisfactory figure, and it has come 
to seriously compete with the reciprocating engine in 
many directions in which high speed of rotation is 
allowable or desirable; although usually the steam 
turbine has a “ best speed’ as much above the highest 
desirable speeds of rotation of even fast-running ma- 
chinery as that of the ordinary steam-engine is below; 
and “speeding down” is found as objectionable in 
many cases as 
“speeding up.” “he 
facts are, that che 


main purpose of this 
discussion is to sum- 
marize the work of 
the steam turbine to 
date—as well as 
may be—and to 
study the sources of 
loss as it is now con- 
structed and operat- 
ed, and to deduce, if 
possible, the princi- 
ples involveu in its 
correct uesign, con- 
struction, and opera- 
tion — meantime 
bringing out into re- 
lief facts indicating 
the essential import- 
ance of employing 
superheated steam 
in a machine in 
which it has seem- 
ingly no other than 
thermodynamic val- 
ue, and of the use 
of .condensation to 
enable the engineer 
to evade a loss and 
accomplish a _ pur- 
pose which have no 
counterparts in 

the case of the 
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KNOT DESTROYER “VIPER,” 
HORSE POWER, 11,000. 


m°chine-is as sim- 
ple in construction 
as the reciprocating 
steam engine—espe- 
cially in its multi- 
ple-cylinder forms— 
is complex; that it 
is comparatively 
simple in principle 
and inexpensive in 
construction, and 
that it may attain 
great economy in 
the use of steam 
and of fuel. 
Rankine states 
that Mr. Ruthven 
brought a Hero tur- 
bine into use “to a 
limited extent” 
Many years ago in 
Scotland, and that 
Mr. Wm. Gorman 
constructed an_ in- 
ward-flow turbine, 
which was set up 
and operated in the 
Glasgow sawmill, at- 
taining as high 
an efficiency as 
“the ordinary 


MAXIMUM INDICATED 


The Steam Tur- 
bine— known as a 
“reaction wheel” 
to Hero (120 B. 
and the 
Greeks, and possi- 
bly long before 
the Christian era 
—proposed by 
Branca in 1629, in 
the type-form fa- 
miliar to us in 
the hydraulic 
wheels of the Pel- 
ton class and the 
steam turbine of 
the Laval type, 
has only recent 
ly come to be con- 
sidered seriously 
by the engineer 
as a _ practicable 
form of heat mo- 
tor. This was not 
because its prin- 
ciples and _ iis 
ideal efficiency 
were not known 
to him, for the 
principles of de- 
sign, construc- 
tion, and action 
are precisely thy 


piston engine. | 


* Paper read . 


~«Chiigh-pressure en- 
gine” — presu- 
mably meaning a 
non - condensing 


| engine.+ 
The later “com- 
pound” steam 


turbine re- 
cently been exten- 
sively employed 
in the operation 
of dynamo-elec- 
tric machinery. It 
consists of two 
sets of parallel- 
flow turbines set, 


(December, 
the Americ 

of Meche 
neers. 


:50-KILOWATT TURBO-ALTERNATOR AND EXCITER AT THE METROP 
COMPANY'S STATION, DRIVEN BY A PARSON? TURBINE 


in twin series, on 
one shaft on 
either side the in- 


* One of the earliest 
recollections of the 
writer was the con- 
struction of a Branea 
turbine by Messrs 
Thurston, Green & Co, 
at Providence, R. 
on the order of an in- 
vento hamed 
Schmidt, which was 
intended to developa 
very considerable 
amount of power. In 
consequence, how - 
ever, of the innorance 
of its inventor and de- 
signer, ‘ts propor- 
—| tions and forms of 
= details were alto. 
gether incorrect, and 


= the machine as 
| structed was natur- 
ally a failure 
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duction-pipe, thus balancing. The passages are grad- 
ually enlarged as the volume of the steam increases 
with its progressive expansion. The Parsons is the 
best-known form. 

The turbines thus alternate with their guide blades, 
and both the vanes and the blades are carefully 
proportioned and set to secure maximum attainable 
efficiency at the proposed speed of rotation, their 
pitches and depths being suitably varied. 

The computed efficiency, without allowances for 
wastes, is about 87 per cent. The actual consumption 
of steam is found to be 16 to 26 pounds per electrical 
horse-power produced, and per hour as steam-pressures 
rise from sixty or eighty pounds by gage upward to 
several hundred. The speed of rotation ranges from 
2,000 or 5,000 revolutions per minute upward, accord- 
ing to size and steam-pressure; 15,000 and 20,000 being 
common speeds for the smaller sizes. 

Dow’s turbine is an inward-flow wheel with concen- 
tric sets of guides and vanes in series, and is said to 
have attained 35,000 revolutions per minute, working 
regularly at 25,000, consuming 45 pounds of steam per 
horse-power per hour. Only the most perfect construc- 
tion is admissible in any turbine. 

The theory of this type of machine is that familiar 
to the hydraulic engineer, and the speeds of orifice 
for maximum efficiency are well known to be infinite 
in the Hero class of turbine and approximately one- 
half the final velocity of flow in the guide-blade tur- 
bine. Since these speeds are impracticable a certain 
loss of energy is thus inevitable. In compensation for 
this loss, in the steam-turbine, is the fact that it is not 
subject to that fluctuation of temperature of parts ex- 
posed to contact with the steam which results in large 
wastes by cylinder-condensation in the common forms 
of steam engine. a gain of from 25 to 50 per cent, as 
compared with the latter, in this way, is to be counted 
upon. 

The Dow turbine, as built for work in connection 
with the Howell torpedo, gives an average of about 
11 H. P. in coming up to speed in regular working, at 
60 pounds steam-pressure, and weighs from 100 to 150 
pounds, or not far from 13 pounds per horse-power.* 
Its fly-wheel rim attains a speed of nearly 7 miles an 
hour at 10,000 revolutions per minute. The designer 
estimates its power at 150 pounds steam-pressure and 
the same speed at 40 H. P., or one horse-power to 
3.75 pounds weight, and states that this may be still 
further reduced to the extraordinary minimum of 24 
pounds weight per horse-power, a figure within the 
estimated allowable maximum for use in aeronautic 
work. 

The steam turbine of Parsons, Fig. 3, is an engine 
cylindrical turbines, ar- 
it and left of the central 

ng place from the two 

alance is obtained, and the 

nd-pressure. Oil is forced 

a pump. This engine has 

feet long and of 44) tons 

displac eme ont. at “the | rate of 32} knots, developing 2,100 

H. P. with machinery weighing, with water in the 

boilers, 22 tons, thus producing 100 H. P. per ton and 
50 per ton of displacement 

Such engines have been successfully employed in 
driving electric machinery and in “spinning” the 
“fly ’ of the Howell torpedo. For alternating electric 
currents, this system possesses the peculiar advantage 
of permitting a “dynamo” to be employed having but 
two poles. It may be readily driven continuously at 
speeds exceeding 10,000 revolutions per minute, and, 
like the Dow turbine, has been driven at 20,000 and 
upward. With the lower speeds of revolution usual 


where p, lies between 50 and 200 pounds per square 
inch by gage, and the apparatus is operated under 
favorable conditions; the value of a lying between 20u 
and 300 with dry steam. 

In the United States, the substitution of the Dow tur- 
bine for the systems previously in use, for spinning 
torpedoes, has brought down the weight and volume of 
machinery from the earlier minimum of 360 pounds 
and three cubic feet per machine to 55 pounds and one 
cubic foot. 

In the steam turbine, either the common direct-flow 
turbine or a “scroll wheel” of the Whitelaw type, in 


HERO'S ALIPILE. 


which the reaction of the current develops an amount 
of energy which approaches the ideal maximum as the 
speed of rotation and of the discharge orifices increase :, 
within practical limits, the design, as of nearly all 
peculiar forms of engine, is a subject of no great dif- 
ficulty, all the principles which have been given apply 
*ing to them as to ordinary engines. The design type 
involves merely the determination, first, of the maxi- 
mum speed or rotation practicable, and next, the diam- 
eter permissible. These points settled, the wheel is 
given a general form such as will least affect efficiency 
by its friction resistances, either on its journals or in 
the air, and a size of orifice such as will discharge the 
required weight and volume of steam at the pressure 
fixed upon. In some cases, compounding has been re- 
sorted to, to reduce the speed of rotation for high 
efficiency, with good results. Properly designed and 
operated, these machines should give quite as high effi- 
ciency as the small engines which they are intended 
to compete with. 
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It is an interesting and curious fact that this eariiest 
of all steam engines, antedating James Watt nearly 
2,000. years, should have a higher ideal efficiency than 
the best of modern engines. 

A common speed is that which makes the velocity 
of orifice equal v V 2 gh, that of exit of the steam, 
where hk is the height due the work of expansion to 
zero-pressure. 

The speeds of the steam turbines thus enormously 
exceed those of any form of engine with reciprocating 
piston, or even of the so-called rotary engines. The 
three- and four-cylinder engines of the Brotherhood 
type, in which the several cylinders are usually 
grouped radially about a common crank and shaft, 


often exceed 1,000 revolutions per minute and have” 


been driven, experimentally, above 2,500; but the 
steam turbine of Parsons makes 10,000 and even 20 000 
revolutions and the Dow turbine is reputed to have 
attained 25,000, in small sizes.* 

Advantages claimed for the steam turbine at good 
construction, as stated by Mr. Parsons, are, for the 
marine engine: 

. Increased speed. 

. Increased economy of steam. 

. Increased carrying power of vessel. 

Increased facilities for navigating shallow waters. 
. Increased stability of vessel. 

Increased safety to machinery for war purposes. 
. Reduced weight of machinery. 

. Reduced space occupied by machinery. 

. Reduced initial cost. 

10. Reduced cost of attendance on machinery. 

11. Diminished cost of upkeep of machinery. 

12. Largely reduced vibration. 

13. Reduced size and weight of screw propellers and 
shafting. 

Prof. Ewing concludes: 

“The application of steam turbines to torpedo 
boats, destroyers, gunboats and cruisers, is to be an- 
ticipated from their unique capacity for developing 
great power and high speed with light and compact 
machinery. Apart, however, from these uses, it appears 
to me highly probable that they will in time be adopt- 
ed in the mercantile marine. The conditions in a fast 
passenger steamer are favorable to the economical ap- 
plication of steam turbines, and in such steamers the 
smoothness of their running will be a strong recom- 
mendation. I see no drawback likely to detract from 
the advantages which they plainly possess.” 

ixperience already had with this motor leads Mr. 
Parsons to assert: 

“The application of the steam turbine principle to 
fast ships in general, including passenger vesse!s, At- 
lantic liners, and ships of war, would appear to pre- 
sent no special difficulties. It may be said, generaily 
speaking, that the larger the scale on which the en- 
gines are made, the simpler is the construction, the 
higher the steam efficiency, and the lower the speed of 
rotation.” 

The Rotary Steam Engine, the “steam wheel,” as 
Watt called his patented form of this machine, does 
not seem to promise rivalry with either the recipro- 
cating engine or the turbine. It is apparently incapa- 
ble of securing the essential requisites of successrul 
application in such extent and perfection as to give it 
place in the general market for prime movers. It is 
almost invariably subject, with continued use, to seri- 
ous leakage, a waste which may be made practically 
insensible in either of the other machines; it can 
rarely, if ever, be made to regulate with satisfactory 
certainty and exactness; it seldom, if ever, gives on- 
tirely satisfactory expansion of steam, and it has 


75-KILOWATT TURBO-GENERATOR AT THE HOTEL CECIL, LONDON. 


with ordinary engines, the number of poles required 
generally approximates the quotient 12,000 divided by 
the speed of engine, if directly connected.+ 

The best of these machines have demanded from 16 
pounds of steam per horse-power per hour, upward, 
according to pressure employed and amount of super- 


heating. It may be assumed that they will require not 
far from the weight, for large powers 
W= 
Pr 


* Electrical World; April 18, a. 
7 Manual of the Steam Engine,” 


vol. ii., pp. 225. 


The ideal efficiency of the reaction wheels is, as 
shown by Rankine,* 


2ar 


ar ar 
where a is the angular velocity, r the radius to the 
orbit of the orfice, and h is the height due the velocity 
of outflow of the fluid, and & approaches unity as the 
value of a r approximates infinitely. At a speed of or- 
ifice equal to that of outflow of similar steam from > 
fixed orifice, the efficiency is about 0.7. 


ial ** Steam Engine,” p. 196, § 176. 


not yet been found practicable to unite the elements 
of economical operation with those of precise adapta- 
tion to the work, as illustrated by the arrangement in 
the reciprocating engine, in which the governor deter- 
mines that adjustment by regulating the ratio of 
expansion. 

The best rotary-engine work with which the writer 
is acquainted is that of the Noteman engine, of twenty 
years ago nearly, in which, when developing 125 H. P. 
on the brake, 15 were measured by the indicator; the 


* Trans. A. 8. M. E., vol. x... 1889, ‘* For much of the above 
and other data _relatin ay the specs see Manual of 
the Steam Engine,” vol, 1, pp. 237-241; vol. ii., pp. 158-160, 
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speed being 350 revolutions per minute and the steam- 
pressure 60 to 80 pounds; the ratio of expansion was 
very nearly 2, as shown on the diagram, but more 
nearly 1.5 in fact, clearances being considered. It 
was subject to a loss of about 25 per cent through in- 
ternal condensation—a small figure, however, for the 
size of engine. A variety of other rotary engines, 
tested by the writer or the work of which has been 
reported to him, have demanded, on the average, not 
less than three times as much steam; this engine con- 
suming 43 and the others about 156 pounds per horse- 
power hour; the latter, however, not being considered 
a very extravagant record for reciprocating engines of 
minimum power. The most inefficient of the rotaries 
demanded about 400 pounds per horse-power hour. 

This class of engines, as a rule, if not invariably, is 
restricted, by its complication of valve-gear and the 
system of movable abutments within its cylinder, to 
comparatively low speeds of rotation, the turbine being 
the standard taken. The reciprocating engine can usu- 
auy compete with its standard. 

The Steam Turbine is, in essence, economical 
through its simplicity and the directness which dis- 
tinguishes its method of thermodynamic energy-con- 
version. It is subject to small loss of mechanical 
efficiency through friction of journals, it having but a 
single pair of rubbing parts, bearings of small diam- 
eter, although of enormous speed of revolution, and it 
is entirely free from the great source of waste in the 
reciprocating engine, that internal variation of tem- 
perature of metal-surfaces which, ranging from the 
temperature of prime steam to that of the exhaust, 
nearly produces wastes amounting to from 10 per cent 
to sometimes 50 and more of the heat, steam and fuel 
supplied. In the steam-turbine, the internal surfaces, 
while it is in steady motion, are, in all parts, at a 
constant temperature, and that is the temperature, 
practically, of the steam in contact with the element 
of surface. Its only thermal loss is by conduction and 
radiation, and that may be made very small. Its ther- 
modynamic losses are due, as in other steam engines, 
to incomplete expansion within the wheel and dis- 
charge of the fluid with considerable energy of me- 
chanical motion through malproportion, maladjust- 
ment or lack of adaptation of the speed of discharging 
orifice to the velocity of the expanding, rejected fluid 
in such manner as to reduce its velocity of rejection. 
into the air or the condenser, to a minimum. 

It is, however, subject to one form of loss which 
does not seem to have been generally, if at all, recog- 
nized, and one which may prove to be serious, partly 
in its reduction of efficiency and largely in its reduc- 
tion of power, particularly of small turbines. This is 
the friction of water or of moisture-laden steam within 
the passages of the turbine and, especially, between 
the turbine and casing, either by direct obstruction, 
where a film, a thread or a mass of water lies in 
contact with both wheel and casing, or, indirectly, as 
when water drips or flows, from comparative quies- 
cence, on the casing to take up high velocity and large 
amounts of energy, by riding on the wheel. 

The number of steam-turbines brought out by inven- 
tors in recent years is very large, although the oppor- 
tunity for radical improvement or for original inven- 
tion, in its main features of construction, is small. All 
belong to either the Hero type of 2,000 years ago or to 
the Branca type of 1629.* In all cases, the principle is 
precisely the same, so far as the action of the steam 
is concerned, and in the thermodynamic operation of 
production of dynamic from thermal energy; the dif- 
ferences lie in the devices employed for steam-supply, 
for reducing speeds of rotation of the driven shaft, 
and for regulation and adjustment of power to load. 
The literature of the subject is not extensive and, in 
fact, the simplicity of the principles and of the prac- 
tice in this case permits comparatively little opportu- 
nity for extensive discussion of either.+ The number 
of patents, on minor and usually unimportant details, 
is very considerable (270 in the United States to 
date) and the reported experimental work, in measure- 
ment of power, efficiencies and other essential engi- 
neering data, is large and increasing in volume. 
There is already quite enough .o supply the needed 
material for our present discussion of the importance 
of superheating in promotion of efficiency and in its 
reduction of friction. In all, also, the process is the 
same; the conversion of the energy of heat stored in 
the steam into the kinetic energy of a jet; from 
which jet this energy is absorbed by intercepting it 
at the turbine-vane and gradually transforming its vis 
viva into work while changing its path until, with 
complete reversal of direction and with velocity nearly 
destroyed with respect to the earth, the fluid issues at 
minimum velocity and with minimum unutilized, avail- 
able thermal or dynamic energy. 

Parsons’ Compound Steam Turbine dates from 1884.t 
It is now the most extensively employed of the motors 
of this class, and has been constructed on so large a 
scale and of such high powers as to afford a very sat- 
isfactory set of data by whicn to judge of the promise 
of the type. 

The first example of the machine ran, for some 
years, at a speed of 18,000 revolutions per minute; the 
second at about 10,000, driving a generator and pro- 
viding current for the 60 lamps of the steamer “ Earl 
Percy,” on the Tyne. Mr. Parsons, in 1888, reported 
the efficiency of each element of his compound turbine 
as “theoretically” 89 per cent and their combined 
efficiency as 87 per cent; the passages in guides and 
turbines being properly proportioned, to avoid the 
breaking up of the steady flow and continuous expau- 
sion of the steam. With careful lubrication, no wear 
was perceptible after several years of continuous 
working and no cutting action by the steam upon the 
parts of the machine was detecteu. The friction of 


* Hero’s “ Pneumatica” (B. C. 120); Woodcroft’s Translation, 
3—, “* Machin deverse del 8. Giovanni Branca,” Rome, 
MDCXXIX. Stuart’s “History of the Steam Engine,” London, 
184. Thurston's “ History of the Growth of the Steam Engine,” 
——— Science Series. New York, London, Paris and Leip- 
sic, 1878. 

+See Ludwig Klein in Zeits. des Vereines Deutscher Ingenieure, 
October, 1895; Revue de Mecanique, vol. vii., 1900. 


+“ Description of the Compound Steam Turbine and Turho- 
Generator,” by the Hon. Charles A. Parsons, Proc. Brit. Inst ‘c- 
chanical Engineers, August, 1888, p. 
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bearings was found to be, at speed, over one-third of a 
horse-power each, cold, but less than one-fifteenth 
when hot. The normal output of the electric generator 
was 400 amperes at 80 volts, with a resistance of but 
0.0025 ohm, in tue armature, from brush to brush. 
The resistance of the field magnets was 23 ohms; elec- 
tric efficiency 98 per cent, with 32,000 watts delivered, 
the engine working non-condensing; the steam con- 
sumption was 42 pounds per electrical horse-power per 


Fie 6. 
ae 
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hour with 61 pounds steam pressure at the inlet and 35 
pounds at 92 pounds pressure; the latter figure being 
practically equivalent to about 25 pounds per indi- 
cated horse-power per hour for a reciprocating engine. 
Since the date of that introductory report, the figure 
has been much reduced, as shown elsewhere in this 
paper. At such speeds, as was to have been antici- 
pated, the light and current were absolutely steady; 
there was no equivalent of the numerous minor forms 
of breakdown and accident only too familiar to us in 
the use of the reciprocating engine; costs were small, 
both of construction and of operation, and weight and 
volume small per unit of power. In four years after 
its inception the turbine had been supplied in an ag- 
gregate of over 2,000 electrical horse-power. 

In the operation of the machine, it was found that 
much care was required to avoid leakage on the one 
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per cent; that of the generator attached was 95 per 
cent. The ideal engine should, under similar circum 
stances of operation, non-condensing, give the horse 
power hour on about 18 pounds of steam, about one-half 
that actually at the time attained (1888). In these 
pioneer machines, ground spindles and journals, yield- 
ing bearings and forced lubrication were employed, 
and the probable value of the machine as a com- 
pressed-air motor was recognized in the discussion of 
the time. The method of flow of steam, from vane to 
vane, is shown in the annexed sketch. 

The design of the Parsons Turbine illustrates that 
scientific method which distinguished the work of 
James Watt and of others among our most famous 
and successful inventors of recent times. As stated 
by Mr. Parsons, the need was at the time recognized 
for a fast-running engine of fair economy in electrical 
work and “ the advantages of a steady running engine 
having no reciprocating parts, of small size and of ex- 
treme lightness were sufficiently obvious; provided that 
fairly economical results as to steam consumption 
could be realized.” 

The efficiency of the hydraulic turbine, which in- 
volves the same mechanical principles, gave promise 
of at least fair mechanical efficiency in tne steam tur- 
bine, and the apparently thermodynamic equivalence 
of the turbine and the piston engine, and the fact 
that the former is entirely free from the most serious 
of the extra-thermodynamic wastes of latter, gave 
assurance of good economy in heat-conversion if the 
turbine could be practically operated in accordance 
with known principles of maximum efficiency. To keep 
down the speed of rotation, the turbine was compound- 
ed and a series of turbines was set on a common 
shaft, through which the steam passed successively, 
producing in each a thermodynamic effect proportional 
to the magnitude of that portion of the head availed 
of at each step, until the final element of the series 
ejected the steam into the air or into the condenser. 
The rotative speed was thus reduced in proportion to 
the number of turbines in series and the total ther- 
modynamic efficiency was that due the total effective 
head and the net efficiency that due the thermodynamic 
operation, less friction and leakage wastes and the 
slight waste by conduction and radiation of heat. 

The Parsons turbine was so far perfected in 1892 as 
to exhibit, in a trial reported upon by Prof. Ewing, an 
economy measured by 27.6 pounds steam per electrical 
horse-power per hour, at 95 pounds pressure. Later, 
the same authority reported upon a similar turbine, in 
fact the same with alterations to adapt it to the 
higher pressure employed, 115 pounds, and with super- 
heated steam, 60 degrees F. above the temperature of 
saturation. This test gave a steam-consumption of 
about 20 pounds per electrical horse-power—a rise of 3 
per cent in heat-storage per unit weight of steam, and 
of 10 pounds in steam-pressure, giving a profit, in 
steam consumption, of about one-third, and in British 
thermal units, of about one-fourth; the principal gain 
being, presumably, due to the use of superheated 
steam, but not through reduction of heat-wastes. 

In 1894, the work of the turbine had been so well 
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DETAILS OF THE PARSONS TURBINE, SHOWING FLEXIBLE BEARINGS (1, 2, 3) 
AND INTERIOR OF TURBINE (4). 


hand and friction on the other. Leakage was the 
principal cause of waste in the earlier forms, al- 
though clearances had been reduced to about 0.015 
inch, permitting a loss of about 20 per cent in a‘50 
H. P. machine. The actual efficiency was about 60 


and so satisfactorily tested, and the outcome nad 
given such practical experience in designing, in con- 
struction and in operation, as to justify those inter- 
ested in the new motor in seeking its experimental 
development on a larger scale. A syndicate was formed 
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to test it in marine work and a boat was built to de- 
velop high speed, and to secure determinative meas- 
ures of the value of steam turbines in driving the 
screw-propeller. 

The first outcome of the experiment on the “ Tur- 
binia "’ was the discovery of a previously unsuspected 
cause of inefficiency at high speeds of rotation of the 
screw such as were adopted in this construction— 
“cavitation” by centrifugal action about ihe screw, 
which worked in a self-created cave in the midst of 
the water, throwing out the water faster than it could 
flow into the space by the action of gravity, even re- 
inforced by the often still more active tendency to fill 
the vacuum thus caused. It was only when the speed 
of rotation of the screws had been reduced to 2,000 
revolutions per minute, and after they were set in 
series of 3 on the same shaft, that the little boat made 
her famous run and attained a speed of 32% knots an 
hour, and lator of 34%. 

Trials of the “ Turbinia " were reported on by Prof. 
Ewing, thus: 

“The mechanical friction of the turbines is particu- 
larly small, and the work spent on friction is not 
materially increased by increasing the range of ex- 
pansion. This allows the steam to be profitably ex- 
panded much farther than would be useful or even 
practical in an engine of an ordinary kind. Apart 
from questions of friction, the addition of weight and 
bulk to allow for this extended expansion would be 
enormous in the ordinary engine; in the turbine it is 
very moderate. Steam is expanded nearly two hun- 
dredfold in the ‘ Turbinia,” and this is accomplished 
with engines which are much lighter than recipro- 
cating engines of the same power, although in these 
the expansion would be much less complete. Rough 
weather was met with in some of the trials, and I 
had the opportunity of seeing that the ‘ Turbinia’ is 
for her size a good sea-boat. The machinery worked 
with perfect smoothness; the screws did not race, and 
the bearings remained perfectly cool throughout. 
From first to last, during the whole of the trials, there 
was no hitch whatever or difficulty of any kind in the 
action of the turbines. Some twenty trial-runs in all 
were made under various conditions as to speed; the 
range of speeds tested extending from 6%, knots to 
32%, knots. Full-speed trials were made on April 10; 
tne boat having then been in the water for fully a 
fortnight. Two successive runs on the measured mile, 
in opposite directions, in smooth water and at the 
slack of the tide, gave the following data: 


or TuRBINIA.” 


Time on the mile........ at 109 4-5 secs. 110 secs 
Corresponding speed in knots. . . 32.79 82.73 
Mean in knots.. 32.76 
Kevolutions per minute of high-pressure and 


intermediate shafts ‘ 
Revolutions per minute of low pressure shaft........ 
Steam-pressure in boiler by gage. . 210 Ib. per sq. in. 
Steam-pressure on admission to high-pres- 
sure turbine ‘ 157 Ib. per sq. in. 
Greatest pressure in stokehold by water-gage....... 7% in. 


“ The speed reached during this trial, 32.76 knots in 
the mean, is, I believe, the highest yet recorded for 
any vessel. It is greatly in excess of the speed hitherto 
reached in boats so small as the ‘ Turbinia.’ It is clear, 
then, that the exceptional speed developed in the ‘ Tur- 
binia’ has been achieved without sacrifice of economy, 
and that the substitution of turbines driving high- 
speed screws, in place of reciprocating engines driving 
screws of much more moderate speed, is not attended 
with increased consumption of steam, so far as fast 
running is concerned.” 

The success of the “ Turbinia”™ led to the construc- 
tion, in 1899, of a naval “torpedo-boat destroyer,” 
“Viper,” and this craft, only 210 feet in length, of 
375 tons displacement, developing 11,000 horse power, 
on 15,000 square feet of heating, and 376 feet of grate 
surface, in water-tube boilers, with steam at 175 pounds 
by gage, at 1,050 revolutions of the turbines, made 
over 37 knots, above 43 miles, an hour. The contract 
speed was 35 knots. The turbines were two high and 
two low pressure, each driving a separate shaft carry- 
ing two propellers. The turbines were 35 and 50 
inches in diameter. No vibration was produced by the 
engines, and the engine room was so quiet that it was 
hardly possible to realize the presence of engines de- 
veloping over 10,000 horse power. Here, as in all 
craft of the sort, the extraordinary performance in 
power production, once all is understood, is that of 
the boilers; that of a horse power for each 1% square 
feet of heating surface, and from each square foot of 
grate about 30 net horse power. This is prebably the 
most extraordinary phenomenon in this or any other 
example of marine engineering. 

Steam turbines of great size and power are likely 
soon to be produced for many purposes, now that their 
performance has been found so satisfactory, and es- 
pecially for torpedo-boat work, and their construction 
on a large scale will enable the engineer promptly to 
settle many questions of interest which the earlier 
work on small machines could not fully solve. It 
would seem that, as with the gas engines, the larger 
the scale of operation, the simpler the problems of 
design and construction and the easier the approxi- 
mate of the real to the ideal in perfecting the system 
of energy conversion. Large turbines are compara- 
tively low in speed of revolution, and it is considered 
that it would be entirely practicable to build an ocean 
steamer of large size, driven by turbines of 30,000 or 
40,000 high pressure, or more if needed, at speeds of 
revolution as low as 400 per minute or lower, em- 
ploying four shafts and eight screws, requiring mini- 
mum steam and fuel for their work, while economizing 
enormously in space and weight. There would be no 
vibration or noise annoying to passengers, and their 
simplicity of construction and freedom from the multi- 
tudinous bearings of the now usual construction of 
engine would give insurance against either breakdown 
or minor troubles and delays from heated journals, 
leakages about the engine, or other annoyances and 
expenses inseparable from the reciprocating machine. 
Steam pressures can be adopted at the maximum prac- 
ticable with the steam-boilers of contemporary prac- 
tice, whatever the limit may be. That limit will 
thenceforward always be found at the boiler. 

The general theory of the steam turbine is simple 
and is precisely that of the piston engine, so far as 
its thermodynamics are concerned. In both engines, 
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the heat stored in the fuel is transferred to a liquid 
which it converts into vapor, the heat itself being 
transformed into the latent heat of internal and of 
external work, in large part, and in lesser part trans- 
ferred without transformation as the added sensible 
heat of the forming steam. The work of the period of 
vaporization consists of that of separation of the mole- 
cules of the liquid, the internal work, and of the ex- 
pansion of the fluid, from the specific volume of the 
liquid to that of the steam, against the superincum- 
bent steam pressure with displacement of a corre- 
sponding volume of steam from the boiler through the 
turbine. This change is succeeded by expansion from 
maximum to minimum pressure, practically adiabati- 
cally; for the temperature of every element of the 
inclosing metal is constant, and equal to that of the 
steam in contact with it, throughout the whole period 
of steady operation, and all the work of adiabatic 
expansion takes effect in the acceleration of the steam 
in the jet. The pressures and volumes hdve the same 
relation throughout this period of acceleration in the 
nozzle as behind the piston of a reciprocating engine; 
the law of Newton, “ action and reaction are equal and 
opposite,” automatically adjusting the resistance of 
acceleration to the instantaneous value of the steam 
pressure at every point in the path of the jet through 
the nozzle. The cycle diagram of the turbine with 
complete expansion, whether simple or compound, is 
thus precisely the same as that of the ordinary engine 
of similar initial and back pressures and of equal 
ratio of adiabatic expansion; the latter being assumed 
possible, for the ideal case at least. 

The reaction turbine and the impact turvine have 
this in common: that both convert heat-energy into 
work by the same thermodynamic process and both ex- 
hibit the same phenomena of steam production and 
utilization, thermodynamically. They have tnis differ- 
ence: that the former accelerates the jet of steam 
actuating it, by its own rotation, and by the action of 
centrifugal force, anu in such manner as to compel 
a higher resultant speed for a stated efficiency and 
such as to make the velocity of orifice, for unit ef- 
ficiency, infinite; the velocity of the jet relatively to 
the nozzle is also infinite while falling to absolute 
velocity zero; while the impact due the steam pressure 
jet at the maximum velocity due the steam pressure 
beaind it, simply, and steadily reduces that velocity 
toa minimum. The mathematical theory of both cases 
is perfectly well established and familiar, and need not 
be here recapitulated, so far as the non-taermodynamic 
mechanics of the problem are concerned.* 

The impact turbine is that form in which the en- 
gineer finds most promise and its study is worthy of 
some attention. Its ideal thermodynamic cycle, as al- 
ready seen, is that of the piston steam engine and 
modifications in practice are or may be the same, with 
the very important exception that the expansion line 
of the diagram may be always taken as adiabatic, but 
ideal being here attained—an impossibility with any 
other known form of steam engine or heat motor. The 
terminal and back-pressures may correspond to those 
of either the condensing or the non-condensing engine 
and the perfection of the diagram and of the cycle 
which it illustrates involves, as with the ordinary form 
of engine, the adoption of compression to an amount, 
in the case of incomplete expansion, proportional to 
the expansion, making the two ratios of expansion 
and comparison equal, and, in the case of complete 
expansion, restoring the fluid by complete compression 
to maximum temperature and pressure in the liquid 
state by mechanical means solely; thus, in fact, pro- 
ducing the Carnot cycle. 

The first discussion of the steam turbine, from the 
point of view of applied mechanics, known to the 
writer, is that M. Tournaire, who, in 1853, stated the 
problem and the conditions leading to its satisfactory 
solution in a very clear and comprehensive manner.; 
He says: 

“ The elastic fluids acquire enormous velocities under 
the action of very feeble pressures. To utilize these 
velocities conveniently, with simple wheels like the 
hydraulic turbines, it is necessary to adopt an extra- 
ordinary rapid rotation, and to make the total section 
of the orifices very small, even for large deliveries of 
fluid. These difficulties may be evaded by causing the 
vapor or the gas (the italics are inserted by the trans- 
lator) to lose its tension in a continuous and gradual 
manner, or by successive fractions, and making it re- 
act several times on the vanes of turbines properly 
arranged.” 

He then proceeds to illustrate by describing a series 
turbine, of the axial type, passing the steam through a 
succession of guide curves and turbine disks, alter- 
nately, from the high to the low pressure siae, substan- 
tially as practised by Parsons a generation later when 
“reducing the invention to practice,” as Tournaire 
seems never to have done. This pioneer of 1853 pro- 
poses not only a series turbine, but a. series of these 
machines, where the range of pressure may justify 
such complication, each multiple turbine discharging 
its steam at the limit of its expansion into the next 
turbine of a similar construction, but in structure en- 
tirely independent, and so on to the atmosphere or 
the condenser, precisely as tae multiple cylinder or 
series steam engine may be made of a series of inde- 
pendent engines arranged to pass the steam from the 
boiler through one after the other, from smallest to 
largest between boiler and condenser. He further de- 
scribes very clearly the sources of losses “ tending to 
diminish the useful effect, as leakage, irregular flow, 
shocks, tourbillonnements, at entrance of the fluid into 
the guides and vanes, fluid friction in the channels, 
which may absorb a very notable part of the theoretic 
work.” “Great care and precision” must be observed 
in the construction of a turb.ne to be actuated by a 
fluid of high tension and small density, and the lines 
of flow must be thoughtfully considered. The teeth 
of gearing employed at these immense velocities of 
rotation should be skillfully made, and it is probable, 
as he states, “that the helicoidal gearing of White 
may prove best,” a form actually utilized by Dow many 
years later, and by Laval still later. 
(To be continued.) 


* See “ Thermodynamics of Heat-Motors and Refrigerating Ma- 
chines,” by De Volson Wood ; §§ 157, 158; pp. 309-317, for discussion 
of the turbine. 


+ Comptes rendus de l’Académie des Sciences,” March 28, 1853, 
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THE POLLAK-VIRAG TELEGRAPH.* 


By Herr Pinter, Director of the United Electrical 
Company, of Budapest, in Engineering. 


In the Pollak-Virag fast telegraph system, the re- 
ceiver differs essentially from the receivers employed 
up to the present, not only in principle, but even in 
construction. The currents, which are sent out auto- 
matically by means of a perforated slip, are directed 
at the receiving station, into a telephone, the mem- 
brane of which is provided with a small concave mir- 
ror operating in an extremely simple and ingenious 
manner. 

Fig. 1 shows the connection of the mirror with the 
membrane. The small mirror is held to a permanent 
magnet by means of a small plate of soft iron fixed to 
it. One of the poles of this permanent magnet termi- 
nates in two points, while the other pole carries a 
mobile spring, which is also furnished with a point. 
Resting upon these three points the small mirror is 
held magnetically. The movable point is also attached 
by means of a tiny rod to the membrane of the tele- 
phone. The vibrations of the membrane communicate 
to the small mirror a corresponding movement, the 
two fixed points forming an axis of rotation. The rays 
of a small incandescent electric lamp are concentrated 
by the concave mirror upon a sensitized paper. The 
incoming currents cause the movement of the tele- 
phone membrane and also of the small mirror joined 
to the membrane; and the light-ray is consequently 
displaced in an upward or downward direction accord- 
ing to these incoming currents. If during this time 
the sensitizeu paper is moved in a horizontal direction, 
we shall find upon the paper, after development, a zig- 
zag line, reproducing exactly the effects of the incom- 
ing currents. The alphabet employed is the well- 
known Morse alphabet, a displacement in an upward 
direction corresponding to a “dash,” and a displace- 
ment in a downward direction corresponding to a 
“dot” of this alphabet, exactly as in the syphon re- 
corder. One of these signals is produced by a positive 
current, and the other by a negative current. The 
telephone is known to be a very sensitive and fast 
apparatus, and consequently the signals can be trans- 
mitted at an exceedingly high speed, the receiver 
responding to them with the greatest precision. But, 
in order to secure the desired exactitude, it is neces- 
sary to annul on the one hand the injurious influence 
of the line, and on the other hand the disturbance 
caused by the proper vibration of the membrane. It is 
known that the result of the capacity, the self-induc- 
tion, and the resistance of the line, is to retard the 
currents. By means of a self-induction coil of suitable 
dimensions, joined in parallel with the line at the 
transmitting station, the disturbances are avoided. 
Immediately on the cessation of each current, a cur- 
rent in the opposite direction is sent into line by the 
self-induction coil. By means of a condenser joined 
in parallel with the telephone at the receiving station, 
the self, or proper, vibration of the membrane is also 
eliminated in very simple manner. By employing a 
receiver, such as has been described, combined with the 
connected condenser and self-induction coil, it is possi- 
ble to send telegrams over very long lines at a speed 
exceeding 70,000 words per hour. This has been com- 
pletely demonstrated by trials made in the presence 
of competent representatives of the Telegraph Admin- 
istration and other experts. 

In the month of September, 1899, trials were made 
on an established telephone line, with a length of 1,050 
kilometers, connecting Budapest and Berlin. With 
great ease we were able to transmit 70,000 to 80,000 
words per hour. The tension of the current was 12 
volts and the resistance 3,400 ohms. Encouraged by 
these brilliant results, the inventors, during a visit 
they made to America, in the month of December, 1899, 
recommenced their trials on the line from Chicago to 
New York, the length of which is considerably greater, 
being fully 1,600 kilometers. At the time of these ex- 
periments the electrical conditions of the line were 
particularly unfavorable, so much so that the re- 
sistance of the line, which is usually 10,000 ohms, was 
only 5,700 ohms, in consequence of the heavy rains. 
Even the Morse apparatus worked with difficulty, and 
a telephone indicator could only be heard feebly at 
the other extremity of the line; while, as for a tele- 
ponic transmission with a copper conductor, it was 
useless to think of such a thing, as it was impossible 
to hear at the other end of the line a call made in a 
loud voice into the microphone. Nevertheless the in- 
ventors were able to transmit telegrams at a speed 
which reached 60,000 words per hour. All these re- 
sults demonstrated the possibility of utilizing this new 
system of telegraphy, and consequently MM. Pollak 
and Virag set themselves to adapt their apparatus to 
the exigencies of practice in a simple and efficacious 
manner. Thus, in the early apparatus used in the 
trials and demonstrations, the sensitized paper was 
displaced in a helical manner before the luminous 
point in a closed cylinder, and, once the message was 
finished, it was necessary to take the paper from the 
cylinder and develop and fix the characters in a dark 
chamber, which process was always long and com- 
plicated. The inventors, therefore, reconstructed the 
receiving apparatus in such a way that all these opera- 
tions are automatically performed. The accompanying 
diagram (Fig. 3) clearly illustrates this apparatus. 

A band of sensitized paper, P. 7 centimeters in width, 
is rolled in sufficient quantity in a closed box, and is 
displaced in a downward direction, while the luminous 
point moves from left to right independently of the 
oscillations of the mirror, in such a way that trans- 
verse lines are written on the band of paper. This is 
accomplished in the following manner: A small in- 
candescent lamp, L. with an incandescent filament of 
three to four centimeters in length, serves as luminous 
source. This lamp is encircled by a cylindrical en- 
velope, C, which can turn on its own axis, and is cut 
for its whole length by a slit in the form of a single 
turn of a screw. Through this slit there falls upon the 
concave mirror the luminous image of a small part of 
the incandescent filament which is projected on to the 
sensitized paper as a very luminous point. When the 
cylinder turns, this luminous point is displaced from 
right to left, the helical slit presenting a continually 


* Translation of the paper read before the Congress of 
tricians at Paris, in August, 1900, — — 
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changing portion of the incandescent filament to the 
sight. As a result, the reflected luminous point—that 
is to say, the real image furnished by the concave 
mirror—is transversely displaced on the paper band, 
moving from left to right, once for each rotation of 
the cylinder. While the luminous point is describing 
a line, the sensitized paper band is moved downward 
in such a way that at the moment the luminous point 
reaches anew the loft position, the paper is one line 
lower. After being exposed to the light, the sensitized 
paper passes into the auio.aatic developing apparatus. 
In this apparatus are two bands, Z, furnished with a 
small catch and guided by several rollers, so as to pass 
successively and in the proper order, the baths, G, 


The exposed paper 
band is nxed by two small rollers to the catches of the 
guiding bands, and passes with them through the pho- 


necessary to develop the marks. 


tographic baths. After passing through the last bath, 
the paper is taken from the guiding bands, ana leaves 
the apparatus as a finished photograph. A pair of scis- 
sors, S, fixed just below the place where the exposure 
takes place, is used to cut at one stroke the printed 
paper, and at the same time stop the non-exposed por- 
tion of the band by an attached clamping apparatus. 
The detached portion continues its passage through the 
baths, finally emerging from them in a finished state. 
Thanks to these convenient and very simple arrange- 
ments, the receiving apparatus is started by the send- 
ing station at the same time as the transmission of 
the message is commenced. The stoppage is effected 
at the receiving station by an employe who keeps a 
constant watch on the transmitted signs through a 
ruby glass window, and who, at the moment when the 
signals cease, presses upon the scissors, thus cutting 
the band and stopping the apparatus. This altered 
construction of the receiving apparatus is without 
doubt a most important improvement; but it is always 
possible to say of this system that it constitutes only 
a partial progress in telegraphy in view of the fact 
that, although it is possible to utilize a telegraph line 
in an entirely new manner, the system allows of no 
reduction of the staff employed, and does not perform 
with sufficient rapidity and promputude the trans- 
mission of short messages, for it is first necessary to 
translate the Morse signals into readable characters. 
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MM. Pollak and Virdg therefore proposed to over- 
come this objection, and to send messages directly in 
ordinary current handwriting. Their efforts have been 
crowned with complete success. 

By means of an ingenious combination of currents, 
and an interesting modification of the receiving ap- 
paratus, the inventors have succeeded, not only in 
transmitting messages in Morse code, but also in all 
kinds of ordinary handwriting. In order to accomplish 
this the mirror must receive from the telephone mem- 
brane impulsions of such a character that the light- 
ray describes not only zig-zag lines of the same height, 
but composite lines which will form the complete 
letters. 

If we examine the Latin alphabet we shall see that 
certain letters, such as the letters m, v, p (Fig. 4) are 


formed of simple lines ascending or descending to 
different levels. If we decompose these letters into 
their elements (and by element we mean each part 
of the letter which can be written by a single ascend- 
ing or descending movement of the pen, and which 
finishes at the same level as it commences) we shall 
see that each element of the letter can be written by 
the light-ray. The letter m, it will be seen, is com- 
posed of three elements, and the letters v, p, of two 
elments each. 


light-ray we must be able to vary the direction, the 
duration and the strength of the transmitted currents. 
These variations would enable us to obtain corre- 
For this 


sponding movements differing in character. 
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purpose we perforate the sending slip in three series, 
1., IL., Ill. (Fig. 5) and the current combinations are 
arranged so that: 
I. gives a negative current of a certain tension. 
Il. gives a negative current of the same tension. 
Ili. gives a positive current of double the tension. 
Fig. 5 gives an example. The size of the perfora- 
tions, 1, 2, 3, is so adjusted that at the determined 
speed of the slip the duration of the currents is suffi- 
cient to permit of their exercising their full effect on 
the receiving telephone. The perforations 4 and 5 are 
smaller, and the duration of the contact is consequent- 
ly smaller than is necessary to produce a movement 
in the telephone, which is as large as could be pro- 
duced in it by a stationary current. Perforation 6, on 
the contrary, is larger, so that the contact shall last 
longer than is necessary merely to send a current. 
These perforations five the displacements 1’, 2’, 3’, 
4’, 5’, 6 (see Fig. 5). From these figures it will al- 
ready have been gathered that by means of perfora- 
tions of different dimensions, suitably arranged, we 
have in our possession a means of sending automatical- 
ly into line currents of different characters, corre- 
sponding to the different elements of the letters, and 
capable of so moving the mirror as to reproduce the 
elements of the letters. So the letter m can be trans- 
mitted by three currents—that is to say, two perfora- 
tions (2) and one (6), Fig. 4. For the letter, v, we 
require two currents, of equal tension and different 
duration—that is to say, we must employ one large 
perforation (6) and one smaller (5). The letter p 
necessitates two perforations (3), (6). But the Latin 
alphabet is composed for the most part of closed 
curves, that it is not possible to write with a luminous 
point which can be displaced only in an upward or 
downward direction; we must give this luminous point 
a horizontal movement also. For -.nis purpose the 
letters are decomposed into two series of components, 
a vertical series and a horizontal series. Each com- 
ponent is written by a separate current, the interval 
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In order to write these letters by the- 
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we have been speaking, are produced by means of the 
membrane ot a second telephone receiving currents 
from a separate perforation. It is so arranged that 
the movements of the two membranes are commu- 
nicated to a single concave mirror. This smali mirror 
which rests, in the old form of receiver, on two fixed 
points and one movable point, is now mounted in such 
a manner that of the three points one only is fixed, the 
other two being movable. These three points (Fig. 2) 
form a rectangular triangle, a, b, c, a and b being 
movable, and ¢ fixed. If we move the point a perpen- 
dicularly to the paper, the mirror moves on the hori- 
zontal axis formed by the points, b and c, anid the light- 
ray is displaced in a vertical direction. If, however, 


Fig4/M 
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we move the point, ), the mirror moves on the vertical 
axis formed by the points, a and c, and the light-ray 
is displaced in a horizontal direction. If tne two 
movable points are moved simul.ianeously, the mirror 
reproduces the resultant of the two components, and 
by this means it is possible to write all the curved lines 
composing the letters. The two telephones previously 
mentioned are combined as a single apparatus, and 
connected with the small mirror in such a manner that 
the movements of one of them, 7, are communicated 
to the point a, and the movements of the other, 7... are 
communicated to the point b. 

In this way it is possible to telegraph every letter at 
an extraordinary speed. The letters are decomposed 
into their elements at the transmitting station and 
combtned anew at the receiving station. big. 4 shows 
the perforations for different letters and elements, ac- 
cording to which these letters are combined in the 
receiving apparatus. To make possible the trans- 
mission of corresponding currents the paper is_ per- 
forated in five series of periorations (Fig. 9). The 
series I., II., and III. send the currents for the tele- 
phone, 7,, which writes the vertical components and 
the series IV. and V. furnish the currents for the 
telephone, 7., which writes the horizontal components. 
Two batteries with a moderate number of elements 
suffice as the source of the currents. The first bat- 
tery, P,, furnishes a positive and negative current of 
approximately the same voltage (series I. and II.) and 
also a positive current (series III.) of double the 
voltage of the preceding two. The second battery, P.. 
supplies a positive current of much greater strength 
for the horizontal components which necessitate a 
movement toward the right, and a weaker negative 
current for those moving toward the left. The five 
poles of these batteries are connected to metallic disks, 
insulated one from another and joined so as to form 
a cylinder capable of turning on its own axis. Over 
this cylinder passes the perforated slip witn its five 
series of perforations. A metallic brush, B,, covers 
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between the current. ucing regulated so that the re- 
sultant of the components written by the telephone 
mirror represents the element of the letter in question. 
Suppose, for instance, we wish to write by the aid of 
the light-ray, the letter, 1 (Fig. 6), in which we find 
a closed curve if we decompose it into its elements. 
We commence the letter at the point 7 (Fig. 6). By 
means of an upward displacement, sent by the perfora- 
tion (I) alone, we simply get a line like 1’; but 
when the light-ray arrives at 8, we send in a second 
current which causes a deviation from its original 
direction, and directs it to the left toward the point 9. 
here the first perforation finishes, and consequently 
tne first current is shut off, and the light-ray comes 
back to 10. At this point the third perforation com- 
mences, which by itself will produce a displacement 
downward like 2'; the light-ray is thus brought to 11. 
Here the second perforation finishes, and consequently 
the second current. The light-ray moves a little to- 
ward the right, forms the inferior curve of the letter /. 
and continues to the end of the third perforation; at 
this moment the third current ceases, and the light- 
ray reaches 12. The letter. 7, is then completed. 

The horizontal moyements of the light-ray, of which 


the disks furnishing the three vertical elements and 
a second metallic brush, B*, covers the other two disks 
which furnish the horizontal components. Each of 
these two brushes collects the currents for its corre- 
sponding telephone, and the two membranes move the 
small mirror according to the resultant of the com- 
ponents. The light-ray reflected by the mirror is dis- 
placed with extraordinary rapidity on the sensitized 
paper, producing thus a tolerably clear and ‘readabie 
handwriting. To ovtain a perfect handwriting, it is 
necessary to protect the vertical components from the 
influence of the capacity and self-induction of the line. 
For this purpose the same measures are adopted as 
in the Pollak-Virag Morse writing apparatus. A self- 
induction coil is inserted in parallel at the sending 
station, 7. But the nature of the letters necessitates 
that the horizontal components be slightly retarded. 
For this reason when the line is only of medium 
length, no correcting coil is inserted in this circuit; 
or, if a coil is inserted, it is only of small dimension 
(7,). The rapidity of the vertical displacements is 
represented in Fig. 7a and the horizontal displace- 
ments in Fig. 7b. 

The self-vibrations are avoided as hitherto by means 
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of condensers. It is even possible by means of the 
insertion of other condensers to modify the phase dif- 
ferences between the vertical and horizontal compo- 
nents. It is not necessary, as we might be tempted to 
believe, to employ two pairs of conductors, one pair 
for each telephone. One conductor in the form of a 
loop is sufficient, as will be seen by reference to Fig. 9. 
The telephone, 7,, is inserted in the loop and for the 
telephone, 7’,, the parallel lines form the adductor and 
the earth serves as return. P' is the battery for the 
vertical components. I., II., III. are the sectors which, 
by connection with different points of the battery, P', 
send the necessary currents into the loop, L,, L., by 
means of the brush, B,. In this loop is inserted the 
telephone, 7, and parallel with it are inserted the 
condensers, C,; this telephone moves the mirror in a 
vertical direction, and the induction coil, 7,, furnishes 
the corresponding correcting currents. The coil, J,, is 
connected in its middle with the brush, B,, which 
passes over the sectors [V. and V., and furnishes the 
current from the battery, P., for the horizontal com- 
ponents. These currents pass in parallel by the loop, 
and in opposite directions, through the telephone, 7,, 
which does not respond to them. They arrive finally 
at the telephone, 7, which moves the mirror in a hor- 
izontal direction, and return by earth to the battery. 
The condensers, (., are joined in parallel with the tel- 
ephone, 7T,; and resistance can with advantage be 
inserted in this circuit. A small induction coil, J,, is, 
as already stated, used when necessary to correct the 
second circuit. 

Fig. 8a shows the perforations for the word “ tele- 
graf,” and the vibrations executed separately by each 
telephone are shown in the Figs. 8b and 8c; the writ- 
ten word “8d” is the resultant of the combination of 
these two sets of vibrations. The perforation of the 
paper band is performed by a perforator, so construct- 
ed that with a single impression it is possible to 
produce all the perforations necessary to send a com- 
plete letter. 

It is obvious that with this system there is no 
necessity to synchronize the receiver and the trans- 
mitter, and the working of the apparatus is thus ren- 
dered much more simple and effective. If the sensi- 
tized paper is accelerated or retarded, or if the 
movement of the sending slip is made faster or 
slower, the only result is that the writing is com- 
pressed or elongated. It is equally evident that by 
means of a distributer the current can be sent directly 
into line, which would permit the employment of some 
30 sets of apparatus on a single line. Although by this 
method the perforations are done away with, the sys- 
tem with its perforated paper slip is, nevertheless, so 
much more economic, and offers, in my opinion, so 
many advantages, that ere long preference will always 
be given to the latter system. 

The Pollak-Vir4g writing telegraph is not only ca- 
pable of facilitating the transmission of a considerable 
number of messages, but it is equally capable of large- 
ly reducing the price of telegraphic communications. 

Thanks to the moral and material support given to 
the inventors by His Excellency the Hungarian Minis- 
ter of Commerce, we have been able to try this new 
invention on a working line. The Director-General of 
Posts and Telegraphs, in fact, placed at our disposal 
in a gracious and liberal manner four telephone lines 
running from Budapest to Pozsony. These four lines 
were joined through to the laboratory of the United 
Electrical Company at Budapest, and the receiver and 
the transmitter were inserted in the circuit in such a 
way that the current traversed the line in form of a 
loop of the length of 400 kilometers (230 miles). The 
resistance of the line was 2,000 ohms. The messages 
transmitted were written in a very correct and read- 
able manner, and if you will permit me I will show 
you some of these messages which were transmitted 
at the speed of 60,000 words per hour. 


THE WATER SUPPLY OF LAKE NICARAGUA. 


A REPLY TO CRITICISMS BY THE HYDROGRAPHER OF THE 
NICARAGUA CANAL COMMISSION, 


By ANGELO HerLrrin, Vice-President Geographical 
Society of Philadelphia. 


Tue National Geographic Magazine for September, 
1900, contains a suggestive article by Mr. Arthur P. 
Davis, Hydrographer of the Nicaragua Canal Commis- 
sion, on “ The Water Supply for the Nicaragua Canal” 
—-suggestive by reason of the sidelight which it 
throws upon the measure of accuracy of the reports 
of the Nicaragua (Walker) Canal Commission, and its 
admission of the scantiness of knowledge upon which 
some of these reports are based. The article purports 
to be a refutal of the conclusions which had been 
reached by me regarding the instability of the surface 
of Lake Nicaragua, and the assertion of an abasement 
of level due to a shrinkage of the lake-waters (and 
possibly to other geological conditions)—conclusions 
which, as published in my latest paper, “ The Shrink- 
age of Lake Nicaragua,” are based almost entirely 
upon the data furnished by the Hydrographer and 
Chief Engineer of the Nicaragua Canal Commission 
and published by them as part of the ofticial report of 
that Commission. Mr. Davis carefully avoids a dis- 
cussion of the data which are presented in my paper, 
and seeks refuge under cover of a few negative gen- 
eralizations, and the apologetic contention that where 
his data or deductions may lead into “ obvious absurd- 
ity,” the data should “be modified or rejected;” and 
we are informed (p. 364) that “up to the present time 
this necessity has not appeared.” Whether this neces- 
sity has or has not appeared may well be left to the 
judgment of the reader to decide. 

Mr. Davis assumed for himself the responsibility for 
the table of inflow into Lake Nicaragua which is used 
in my argument, and forms much of the basis of the 
report of the Chief Engineer of the Commission; and 
we are now told that “this table was constructed by 
the chief engineer upon an assumption made by me 
(Davis) ” and that this assumption was “ adopted for 
the want of any actual data” (p. 364). It is from this 
assumption that a possible escape is indicated along 
the channel of “ obvious absurdity,” the necessity for 
which “ has not appeared.” Mr. Davis’ statements can 
hardly be taken at their full value, for if conceded, 
and making all allowance for the “side of conserva- 
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tism” which is demanded, they would render practi- 
cally valueless almost the whole of the calculated re- 
sults published in the report of the Chief Engineer. 

Mr. Davis attempts to impugn the value of my deter- 
mination of the intake of the lake as based upon the 
Rivas rainfall by throwing discredit upon the Rivas 
record; but it is just this record which is furnished 
in, and form largely the basis of, his report, as well 
as of that of the Chief Engineer. It is also the record 
‘which appears in the official report of the earlier 
Nicaraguan Commission (Ludlow). It is all but in- 
conceivable that if valueless, or if not approximating 
the truth, such free use should have been made of it 
in the calculations and deductions of the Hydrog- 
rapher and Chief Engineer. Up to the present time, 
however, scientists have had no reason to doubt the 
accuracy of the record taken by Dr. Earl Flint, be- 
tween the years 1880 and 1898; on the contrary, the 
correspondences with other observations’in the later 
years make it practically certain that the record is 
fundamentally accurate. 

Mr. Davis falls sharply astride of my ‘ third assump- 
tion ” that the outflow from Lake Nicaragua has in the 
seventeen years from 1880 to 1896, inclusive, averaged 
42 inches per annum. “This assumption,” we are 
told, “is entirely gratuitous, apparently with no basis 
whatever, and, together with his table quoted from the 
Chief Engineer, leads Prof. Heilprin to the astounding 
conclusion that the lake has declined 20 feet and 9 
inches in nineteen years, or 249 inches” (p. 364). I 
admit that the amount, 42 inches, was used for a “ sim- 
ple convenience of measure”—as I state it in my 
paper—but its basis is the 84 inches (!) which was 
determined by the Canal Commission as the outflow 
for the year 1898; and I state that the allowance is 
“probably fully 20 per cent less than was actually the 
case if the data obtained by Childs in 1850, the Nica- 
ragua Canal Board in 1895, and the Nicaragua Canal 
Commission in 1898-99 be assumed as the basis for 
computation.” If the Hydrographer of the Nicaragua 
Canal Commission knows that the outflow from the 
lake has been less than 42 inches (average), it is for 
him to state the fact. It would go further toward 
gaining confidence in the Canal scheme than the as- 
sertion (p. 365) that “as an actual fact, no one knows 
what was the discharge, either maximum, minimum or 
mean, from Lake Nicaragua prior to 1898.” 

Mr. Davis takes me to task for employing in “an 
article which purports to show conclusively that the 
water supply to Lake Nicaragua has very greatly de- 
clined within a generation,” the very fact which in his 
(Davis’) opinion gives “conclusive evidence that the 
rainfall has been greater in this region than it is at 
the present time,” namely, that of the shrinkage of the 
waters. It is hardly necessary in this stage of geolog- 
ical science to point out that the constancy of the 
quantity of water in an outflowing lake-basin is not 
necessarily determined by nor dependent upon the 
rain supply of the region as a single or even primary 
factor. However, in quoting from Mr. C. Willard 
Hayes, the geologist of the Nicaragua Canal Com- 
mission, the statement that “there is no evidence 
whatever that the rainfall has ever been greater in 
this region than it is at the present time,” I have 
only used it to fortify my requirement of “ successive 
periods of excessive rainfall” and of rainfall “ vastly 
in excess of what has been recorded for the past 
twenty years and more.” 

The recent issue by the United States Geological 
Survey of a paper, the “ Hydrography of Nicaragua,” 
by Arthur P. Davis (1900), prepared, as we are in- 
formed, subsequent to the official report submitted to 
the Nicaragua Canal Commission, furnishes us with 
some additional data bearing upon the questions of 
intake, outflow, and evaporation, and taey fully sus- 
tain the argument that had been advanced in my 
paper. We not only find in this paper the Rivas rec- 
ord fully accepted, but confirmation of its substantial 
accuracy is given in the observations of rainfall (by 
William Climis) made at Masaya (1886-1896) and at 
Granada (1897), the yearly record at Masaya falling 
considerably below that of Rivas. Like corroboration 
is found in the observations, necessarily limited in 
time, of the Nicaragua Canal Commission (1898), 
made at Las Lajas, Viejo River, and Tipitapa.* 

As regards the amount of evaporation from the 
lake, Mr. Davis has seemingly no reason to depart 
from his original estimate, since he reaffirms his 
statement that the daily evaporation is about 0.2 inch 
per day during the dry season. “This result (6.12 
inches per month) may be taken as reason- 
ably accurate for the region of Lake Nicaragua during 
the dry season. In the rainy season, of course, it is 
less, and the region lying eastward of Lake Nicaragua 
having a progressively greater relative humidity also 
affords a smaller evaporation.”’+ 

Toward determining the discharge from the lake, a 
gage was placed on the San Juan River about a half- 
mile above the mouth of the Sabalos River, and its 
reading as follows is assumed to represent “ essen- 
tially the outflow from I 9} - Nicaragua.” 

Monthly discharge in second-feet. 


1898. Mean. 
16,633 
22,075 


The highest single day discharge was on December 
3, 26,700 second-feet; and the lowest on May 10, 11,318 
second-feet. 

The above monthly discharge, calculated for the en- 
tire year, from a surface of 2,975 square miles (that of 
Lake Nicaragua), would lower that surface by almost 
exactly 7 feet, or 84 inches, the amount that is actually 
assumed in the report of the Chief Engineer of the 
Nicaragua Canal Commission. It is the half of this 


* Twentieth Annual Report, U. 8. Geol. Survey, 1900, pp. 574-578. 
+ Op. cit., p. 582. 
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amount, or 42 inches, that I have assumed in my paper 
as a theoretical average of annual discharge, and to 
which Mr. Davis objects as being “ entirely gratuitous, 
apparently with no basis whatever.” It so happens, 
however, that this amount is actually proportionably 
less than the lowest discharge that is furnished by the 
tables of Mr. Davis, that of May 10, 11,318 second-feet; 
so that if I am in error at all, it is in assuming a too 
low, rather than a too high, discharge. My figure, 
moreover, corresponds, I believe, to the very lowest 
discharge that has ever been noted for the lake, name- 
ly, 9,420 feet per second, reported by the Nicaragua 
Canal Board, from a gaging made at Fort San Carlos, 
on May 27, 1895, the lake then standing at the exceed- 
ingly low level of 101.07 feet.* It is interesting to note 
in this connection that the Nicaragua Canal Board of 


- 1895 assumed, with very meager data before them, the 


annual discharge from the lake to be 696,960,000,000 
cubic feet, a volume that would have lowered the lake 
by somewhat more than 8 feet. Applying to this the 
rate of evaporation that is furnished by Mr. Davis, 60 
inches, we should then have a total loss to lake of 156 
inches, as against almost exactly the same amount of 
intake (155 inches) computed for very nearly the wet- 
test year that has been recorded in the lake region 
(1898: rainfall, 108 inches at Rivas).+ The relation 
of this sustained balance to an average, and more par- 
ticularly to a dry, year—when the outflow, proportional 
to the intake, is only partially arrested, and the evapo- 
ration not at all—speaks for itself. 

The facts before us, with others furnished by the 
surveys of Childs and Lull, permit us, then, to as- 
sume: 

A minimum annual discharge from the lake of 42 
inches. 

Evaporation (approx.) 55 inches. . 

Intake for the lake, as calculated by the Enginee 
and Hydrograplier of the Nicaragua Canal Commission 
upon a rainfall of 65 inches at Rivas, 85 inches.t 

A net loss to the lake of 12 inches. 

Manifestly, then, the data furnished by the Hydrog- 
rapher of the Nicaragua Canal Commission are entirely 
erroneous, or they lead incontestably to the conclusion 
that Lake Nicaragua is undergoing a steady and pro- 
gressive abase nent of its surface level. 


ELECTRIC EARTH CLOCK. 


To the Editor of the Scientiric AMERICAN SUPPLEMENT: 

My attention has been called to certain errors in de- 
tail in the description of the “ Electric Earth Clock,” 
which I take this opportunity to correct. In the second 
column, paragraph 3, the text reads: “ The hardened 
steel knife edge is also shown in the center resting on 
its tempered steel support, Q.” By this is meant hori- 
zontally, not vertically; in other words, it could have 
read between the ends of the little rods. 

Regarding the diameter of the pendulum tubes for 
the reception of the mercury, would say that it does not 
matter whether the internal or the external diameter 
is taken, as the weight of a pendulum bob is never a 
factor. The height of the steel block supporting the 
knife edge should be \% inch instead of ™% as illus- 
trated, and the brass spools should measure 1% inches 
between rings instead of 1% inches as printed. 

Monroe Hopkins. 

December 31, 1900. 


ENAMELINE PRINTING—THE METAL, 
By W. T. M. Davipson. 


Hatr-tone blocks are generally made on either zinc, 
copper, or brass. According to what is required of the 
block, so the metal must be selected. If the run from 
the block is to be a short one—that is, anything from 
ten to fifteen thousand copies—zine will answer ad- 
mirably. If the run is a fairly long one, or if electros 
are to be taken from the original, copper should be 
used. Theoretically, the best work is done on copper, 
and taking everything into consideration it is the best; 
for if etched properly it is superior for electrotyping. 

For a special long run from the original biock, brass 
is sometimes used. Owing to the enamel not standing 
during the whole time of etching this is a very unsat- 
isfactory metal and is rarely used for that reason. 
Personally, if I was making a block to withstand the 
maximum run, I would sooner do it wy the albumea 
method on zinc than the enameline on brass. 

While on the subject it may perhaps be of interest 
to point out the running capacity of the different 
metals after passing through the various processes. 


Enameline process. Short run. 
(2) Copper..... Medium run. 
(3) Brass..... Long run. 
Albumen Long run. 


The reason that zinc, when used for the enamel 
process, has such a short life is that the metai be- 
comes disintegrated by the high temperature at 
which it has to be burnt in to transform the glue 
image into enamel. Copper gives a fairly good run, 
because the metal is not affected by the heat, but 
being a softer metal than either brass or zinc, it can- 
not outstay these metals on the printing machine. 

What is known as “14 or 16 gage” metal is mostly 
usel. For copper and brass, if cost is considered, 16 
gage will do; but for zinc nothing thinner than 14 
should be used. 

Either a straight or round polished surface is the 
condition in wnich it is placed on the market. Round 
polished is a little more expensive, and as in most 
cases it is all destroyed in the final cleaning I do not 
see the advantage of it. 

There are various ways of cutting the metal up. A 


* Report Nicaragua Canal Board, 1895, p. 122. 

+The Nicaragua (Ludlow) Canal Board properly asserts that 
their figures “may all be considerably in error,” and emphasizes 
the almost total lack of knowledge that is necessary for the intelli- 
gent consideration of the control of the lake's discharge. “ 
amount of water to be dealt with, either during the year or during 
high floods, is unknown. The annual rainfall is not known at an 
point between Ochoa and the west shore of the lake.” Repo 


¢ The intake for 60 inches rainfall is placed at 78 inches; for 70 
ches rainfall at 9 inches. I have assumed the mean of these 
two amounts for 65 inches. Mr. Davis, in his latest report, states 
that the mean rainfall so far observed at Rivas is “under 70 
inches” (Twentieth Annual Report, U.S. Geol. Survey, 1900, p. 575). 
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circular saw or a guillotine is the best, but for a cheap 
anu effective tool an ordinary hand saw answers weil. 

When a guillotine is used there is no burr thrown 
up, but after cutting by a saw the burr must be re- 
moved with a file. 

The cleaning of metal is performed by rubbing with 
a damp rag or felt pad which is dipped in fine pumice 
powder. The motion must be straight up and down. 
No crossing is permissible, as the slight scratches 
caused by the pumice show immediately. A good quiil- 
ity charcoal is greatly used, and, given a fair sample, 
there is nothing to beat it; but with the commoner 
sort the metal is always getting deep scratches, which 
render it useless for hali-tone work. If charcoal is 
being used it should always be kept in a basin of water 
on the cleaning bench. Rouge powder, rotten stone, 
whiting, or any other powder for cleaning metal will 
do. With these finer powders, if desired, a circular 
polish can be given, but it will not affect the resut. 

When all trace of dirt and grease has been removed 
from the metal it must be rinsed immediately under 
the tap. If any of the cleaning powder is allowed to 
dry on the surface, the metal will be spoiled, as an 
etching action takes place which leaves marks. 

If the water remains evenly all over the plate, that 
is, does not run off as from a duck’s back, the cleaning 
is complete. Importance should be attached to this, 
as it is very often the cause of enamel leaving the 
plate. See that the back is free from grit, otherwise 


‘ the plate, when being whirled, will come off owing io 


tne pneumatic holder not having absolute contact. 

Now take the whirler in the left hand and the 
plate in the right, press in the pneumatic ho. er of the 
whirler with the thumb and adjust to the back of the 
plate, care being taken to see it is central. Release 
the thumb and the plate will be urmly held. 

If it is a very large plate perhaps some difficulty will 
be encountered in fixing the exact center. This must 
be found, for with a plate this size the slightest devia- 
tion will cause it to be thrown off when rapidly 
whirled. On the back of the plate draw a line from 
opposite corners, passing through che center, and ad- 
just the whirler where the lines cross. 

Before proceeding, a word or two here on whirlers. 
Practically, there is only one form of whirler used 
now. In form it is nothing more or less than the 
common drill with a pneumatic holder in place of the 
drill. The speed at which it whirls is not a matter 
of importance; but if more than one whirler be in 
use, and the same glue is used with each whirler, then 
the speed of the whirlers must be uniform, other- 
wise on certain whirlers the glue will be either too 
thick or too thin. Adhere to whatever speed of whirl- 
ing you get accustomed to. I always advise whirling 
to be done as fast as possible. Knowing your speed 
you make up your glue to suit it. If when whirling 
at your top spee., the fish glue gives a nice strong 
enamel suitable for printing a dry plate, the same 
glue whirleu slowly on a whirler gearea lower, would 
come off the plate after printing. 

A final filtering of the glue solution must be given 
immediately before use. Select a funnel with a long 
neck—one that reaches aimost to the botiom of the 
vessel which 1s to hold the filtered glue. If the solu- 
tion is allowed to drop from any height, bubbles are 
formed and the filtering will have to be done all over 
again. Place the cotton-wool lightly in the neck of the 
funnel and refil*cr the first half ounce of glue, as it 
carries a certain amount of fluff from the wool. A 
perfectly clean vessel, the same shape as the one hold- 
ing the funnel, should be placed by its side. 

Now to get back to the coating of the metal, which 
is a simple operation, but requires to be done carefully 
and rapidly. 

In placing the plate on the whirler care must b2 
taken that the palm of the hand holding the metal is 
not greasy. Always have the hand as moist as the 
plate; if tais is not sufficient use a damp rag between 
the palm and the plate. Now rinse plate we.. under the 
tap and pass a piece of cotton-wool over the surface 
and edges. Give final rinse, hold whirler in left hand, 
and allow to drain off. With right hand remove funnel 
to empty vessel and pour a pool of glue on the plate 
at the top right hand corner. Now incline plate so 
that the glue runs all round, and pour off excess into 
funnel. Repeat this operation, as the first glue may 
be thinned a little by the water on the surface of the 
plate. When the second lot has drained off, replace 
funnel in original vessel to go on filtering. Turn the 
piate face down in the sink and whirl as fast as pos- 
sible. Having whirled for about five to ten seconds 
turn plate face up and by gently pressing pneumatic 
holder, release it. Hold plate face up over a gas 
flame, turning from corner to corner to make it evenly 
hot. Make it just about hot enough to hold, care 
being taken that the edges are dry, and place face 
against a wall to cool. Once having got the glue solu- 
tion clean by filtering there is no trouble in coating 
and getting perfectly clean plates, but the essential 
thing is smartness. it must be remembered that tne 
more the operation is prolonged the greater the chances 
of dust settling from the atmosphere. As some idea 
of the speed at which the operation must be per- 
formed, let me say that from the time of the final rinse 
to the completion of the drying not more than twenty- 
five to thirty seconds should elapse. Some printers 
dry the plate by whirling face down over a gas stove, 
maintaining that by so doing the dust is avoided. I: 
this method is worked great care must be taken that 
the glue is not scorched; in fact, a sheet of iron should 
be placed between the flame and the coated plate. The 
idea, I believe, is quite a fallacy, as the extra time 
taken in drying allows more opportunities of dust 
settling, and the current of hot air rising is calculated 
to carry fine matter which finds an ultimate resting 
place on the film. 

This operation of coating need not be performed in a 
dar< room. The glue in its liquid state is practically 
insensitive; it only becomes sensitive to light when in 
the form of a thin dry film. Even then a powerful 
iu.ght is required if the exposure is to be done in from 
ten to twenty minutes. Consequen?'ty, if the .ight in 
the room is subdued at au, it ‘s pxtfeeely safe for 
coating the plate. 

Now prepare the printing frame for the reception of 
the negative and metal. First of all see chat the thick 
plate-glass of the frame is clean, both sides. Well 
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dust the frame to free it from grit and other matter, 
for the slightest thing to make the pressure uneven 
between the plate-g.ass and the rabbet of the frame wil 
be the cause of smashing the glass on screwing up to 
obtain contact between the meta. and the negative. 
Having cleaned the glass side of negative, warm it to 
make it same temperature as the plate (both should 
be siightly warm), otherwise they may possibly stick 
together. Now lower negative gentiy on to the metal, 
film to film; when adjusted centrally turn completeiy 
over and lower into the frame. Place a stout felt pad 
on tne back of the metal and then the wooden back of 
tae frame on that. Screw down now from opposite cor- 
ners, first light pressure on one pair, then on the cor- 
responding opposite screws, until they are both up 
tight. If full pressure is put on one pair of screws 
right off, the glass will probably break when the others 
come to be tightened. 

The frame is now ready for exposing and should be 
vlaced at the fixed distance from the are or with an 
actinometer if the exposure is made to daylight. it is 
vest, if exposure is being made at an are, to turn the 
frame over, half way through the period, in order to 
avoid the shadows sometimes thrown by imperfections 
in the giass.—The Process Photogram. 


GERMAN BEET-SUGAR INDUSTRY. 


Tue fiftieth annual convention of manufacturers 
and others interested in the German sugar industry 
was held at Magdeburg on May 29 to June 1, 1900. 
In connection with this convention there was an inte1- 
esting exposition of sugar machinery, etc., showing 
ail recent improvements and inventions. Five hun- 
dred and ten members of the Sugar Union were pres- 
ent, represerting one hundred and seventy-three fac- 
tories. Some of the most interesting matters dis- 
cussed were tine following: 

SACCHARINE QUESTION. 

The imperial law regulating trade in artificial sweet 
stuffs, which was intended to restrict the sale of 
saccharine, has had an entirely contrary effect; for, 
according to the statements of saccharine manufactur- 
ers, the saccnarine produced last year was equivalent 
in sweetness to over 1,000,000 centners (50,000 metric 
tons) of sugar. Consequently, the consumption of 
1,000,000 centners of sugar was prevented, causing a 
loss to the imperial treasury of 10,000,000 marks ($2,- 
380,000). The imposing of a tax on saccharine and the 
requirement by law that it be sold only as a drug are 
accordingly demanded with justice by the sugar indus- 
try. Unfortunately, this question can not be brought 
up for settlement prior to the next meeting of the 
Reichstag. 

DANGER TO THE SUGAR INDUSTRY FROM SACCHARINE, ETC. 


The discovery of saccharine and other sweet stuifs 
has caused some sugar producers much anxiety, and it 
is feared that still other similar substances will in the 
future be discovered by chemists. Furthermore, some 
farmers are afraid that a method wili eventually be 
found by which beet sugar can be produced synthet- 
ically. Neither of these dangers need, however, v2 
feared at present. It is entirely unlikely that it will 
ever be possible to produce from pit-coal tar genuine 
sugar in large enough quantities and sufficiently cheap- 
ly to seriously injure the beet-sugar industry. Farm- 
ers may also find comfort in knowing that, while it is 
not impossible (in view of the rapid advances now 
being made in chemicait knowledge) that a proce.s 
may be found for producing genuine beet sugar artifi- 
cially, it is nevertheless certain that when the syn- 
thesis of sugar is discovered, carbon hydrates will be 
needed as material, especially in the form of starch 
flour. Accordingly, even if a sufficiently cheap pro- 
cess be found, the only resuit wiil be cnat other plants 
containing starch—the potato, for instance—wiil com- 
pete with beets as a raw material in sugar fabrica- 
tion. 

EMPLOYMENT OF ALIEN LABORERS. 

Another matter which is considered very important 
is that Polish laborers who enter Germany every 
spring should not be compelled to leave the country 
before a fixed date, which should be the same in all 
parts of the Empire. Farm hands are so scarce that 
difficulty is experienced in raising enough sugar beets 
to supply the demands of the factories. As importel 
Polish laborers are now compelled to leave Prussia by 
December 1, the three hundred and eleven Prussian 
sugar factories are put at a disadvautage as com- 
pared with the ninety-one factories in the other 
German states where there is no such requirement. 
The Government has accordingly been asked to estab- 
lish a general rule permitting such useful aliens to 
remain in the country each year until the end of De- 
cember. 

THE NEW SUGAR GARTEL. 

Speeches were made explaining that this cartel is in- 
tended for the protection of the German sugar industry 
as a whole and for the general benefit of all producers. 


CONDITION AND DEVELOPMENT OF THE CUBAN SUGAR 
INDUSTRY. 


An interesting report on the subject was read by 
Governmental Privy Councilor Prof. Dr. Paasche, mem- 
ber cf the Reichstag, who has recently studied condi- 
tions in Cuba. Dr. Paasche took the ground that the 
German sugar industry is a world industry in the 
strictest sense of the term, and that its welfare is 
therefore dependent upon the maintenance of the posi- 
u.on which it now holds in the world’s markets. All 
measures adopted for the purpose of influencing the 
home market, no matter how important they may be, 
will not, therefore, alone suffice to keep the industry 
in a healthy condition. German sugar producers must 
continue to keep their eyes fixed on all competing 
lands. Dr. Paasche’s visit to the United States and 
Cuba was solely for the purpose of ascertaining if 
dangers threaten the German sugar industry there. 
The following is a summary of his remarks: 

“Formerly, Cuba was the foremost sugar-producing 
land of the world and controlled the world’s markets. 
Before the recent war, it produced annually over 1,000,- 
000 tons. This amount was reduced 25 per cent. by the 
war, and the shortage was promptly filled by lands 
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other .han Germany. Russia, Austria, Java, etc., have 
largely increased their production. If Cuba regains 
its former productiveness, or, still worse, if it doubles 
its production, as some fear, the magnitude of the 
disaster which will resuit in the world’s markets can 
not be overestimated. Fortunately, however, there is 
no immediate danger. The predictions concerning 
the moderate amount of this year’s crop have been 
realized. Furthermore, there is little cause for fear 
in the near future: The results of the war in Cuba 
are frightful. For miles the traveier passes through 
desolated country where houses and huts lie in ruins. 
Many factories have been destroyed, and the walls and 
broken machinery are overgrown with tropical vines. 
Where there were formerly broad fields of sugar cane, 
there are now to be seen only weeds and rank vegeta- 
tion. Laborers are scarce because many thousands 
of them starved or ere murdered during the war. 
Capital and enterprise are also lacking, and without 
these factories can not be rebuilt and operated. In 
order to give new life to the industry, enormous capi- 
tal will be needed, for business must be transacted 
on a very large scale if the industry is to be made 
profitable. At the same time, it must be admitted that 
hardly anywhere else in tue Tropics are the condi- 
tions naturally so favorable for the sugar industry 
as in Cuba. The soil is fertile, and the geographical 
position of the island is most suitatise for commerce. 
‘Lue tactories are large and well equipped with labor- 
saving machinery. Good, but not too cheap, raw ma- 
terials are available, and the manufacturing process 
in use is effective and inexpensive. But, as has been 
said above, capital and enterprising spirit are needed. 
Even the Americans are afraid to invest money in this 
at present unsafe business, and therefore the manu- 
facturers are obliged to pay a very nigh rate of in- 
terest on their debts. Most of them are in debt, as 
even those who did not suffer from fire during the war 
lost heavily in other ways. Everything now depends 
upon the course which the political development of 
Cuba will take.” 

Dr. Paasche thinks that if Cuba were annexed to the 
United States, and the Cuban sugar industry enjoyed 
the advantages of the American customs tariff, thereby 
securing increased prices, American capital might be 
attracted by the increased profits of the business. 
“ The only thing for the German sugar -ndustry to do,” 
he adds, “is to face these dangers with united forces, 
continuing its present poiicy. Thus, in spite of what- 
ever may happen, Germany will be able to maintain 
the foremos. place which it has now gained.” 

EXPORT REPORTS. 

Another question considered by the conference was, 
Is it advisable from time to time to send an expert 
to the various sugar-producing countries to prepare 
repoiris in regard to crop prospects and existing condi- 
tions? This question was practically decided in the 
affirmative, though it was thought best to do this only 
occasionally and when there is some special reason 
for such action. 

APPOINTMENT OF AN EXPERT TO CONTROL APPLICATIONS 
FOR PATENTS. 


This question has been under consideration since 
1893. The sugar industry needs protection against in- 
ventions which are not really inventions, and also 
against patents which are not distinctly worded. An 
expert chosen for this position would have to decide 
in each case whether it is in the interest of the 
sugar industry to raise objection to the granting of 
a patent. Such an expert must have a scientific and 
technical education, and also experience in all branches 
of the industry. Some retired factory director will 
probably be able to fill the position best. It is held 
that before any alleged improvement affecting the 
sugar industry is admitted to be a patentable inven- 
tion, an expert representative of the industry should 
be given an opportunity to examine it and decide upon 
its worth and utility. 

INFLUENCE OF CHEMISTRY ON THE DEVELOPMENT OF THE 
INDUSTRY. 

The influence which chemistry has exerted upon the 
production of beet sugar has been very great and 
has rendered possible the victory of the beet over sugar 
cane, the production of beet sugar in the world being 
now twice as large as that of cane sugar. No other 
existing industry is subjected to such thorough and 
scientific control as is the German beet-sugar industry. 
In German sugar factories there are now employed 
about one thousand chemists who give their undivided 
attention to furthering the interests of the industry. 
This .cained personnel is of the greatest importance. 


UTILIZATION OF WASTE MATERIALS IN THE MANUFACTURE 
OF BY-PRODUCTS. 

The production of sugar from molasses has been of 
great importance to the industry, and it first led to 
the employment of chemists. The utilization of waste 
materials in the manufacture of by-products has also 
had a beneficial effect. By cooking molasses dregs, 
after the removal of the sugar, a potash is won which 
is preferred to all other sorts in the soap industry. 
krom the parts of the same material which contain 
nitrogen, cyanide of potassium is also produced. This 
substance is much used in modern gold mining in the 
Transvaal, and also to a growing extent in the United 
States. It is believed that a method will be found 
sooner or later for using electrici_y in the clarification 
of beet juice. 

INCREASE OF THE PERCENTAGE OF SUGAR IN BEETS. 

The scientific cultivation of beets for the purpose of 
securing improved seed dates back to 1840, when indi- 
vidual beets found to be especially rich in sugar were 
first selected for this purpose. This plan has been 
carefully adhered to ever since, the best results beins 
obtained at Kfein Wanzleben, near Magdeburg. Ger- 
man beet-seed raisers have thus succeeded in distanc 
ing all their foreign competitors. Fifty years ago, 
beets containing 10 to 12 per cent. of sugar were con- 
sidered good; but now an average of 14 to 16 per 
cent. is not uncommon, and in exceptional cases still 
better results are reached. In the meanwhile, the per- 
centage of sugar in sugar cane has remained un- 
changed, namely, about 12 per cent. in medium quali- 
ties.—George H. Murphy, Vice-Consul at Magdeburg. 
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THE GERMAN COLONY OF NEW GUINEA. 


FirTeEEN years have passed, says a writer in the 
Illustrirte Zeitung, since New Guinea, the Dark Con- 
tinent of the South Sea, was divided. Of the three 
Powers concerned in the partition—England, Holland, 
and Germany—the third was the last to come to this 
great colonial dominion. And, no doubt, it is of in- 
terest to learn what the Germans have accomplished 
during the fifteen years of their sovereignty. 

From the Moluccas our steamer sailed, for several 


Nigh stark naked, their enormous curly heads be- 
smeared yellow, green, or white, their faces gaudily 
painted, the upper part of their bodies colored red or 
blue, they seem like veritable devils, in comparison 
with whom the most savage Indians might well be 
called civilized. These were the neighbors of the 
German Catholic missionaries of the “Order of the 
Divine Word,” who for the past four years have 
chosen the island of Tamara as a field for their re- 
ligious work. They were the first settlers in this ter- 
ritory. Amid the hostile savages, they built their 
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days, along the steep and woody coast of New Guinea, 
so closely at times that we could have seen a village 
or even human beings. But nowhere was there a sign 
or trace of either—only continuous dense and dark 
forest: forest from the foaming beach up to the crest 
of the coast hills, and forest beyond to the distant 
mountain chains. The western part of the island, 
which for centuries past has belonged to Holland, is 
one and one-half times as large as the German Empire. 
The Hollanders have never attempted to colonize this 
vast territory; even to-day not a single white man 
is living there. From the boundary of the German 
territory we still had eighty knots to cover before we 
reached the wide and deep bay designated on the 
maps by the much-promising name of Berlinhafen. 
Off the coast here, several miles distant, lie the two 
islands, Seleo and Tamara It is on these islands, 
having an area of many thousand square miles, that 
the only whites, seven in number, reside. Of their 
dwellings nothing as yet could be seen. Our steamer 
cast anchor about a mile from shore, and soon we 
were surrounded by numerous Papuans in their 
canoes, offering us all kinds of tropical fruits, bows, 
arrows, clubs, etc., in exchange for a little tobacco, 
glass beads, pieces of old iron, and rags. But, more 
than their ethnological treasures, the natives them- 
selves’ absorbed our interest. Such singular and 
grotesque beings | never met in my many travels. 


A SELEO FAMILY. 


simple hut, their modest little chapel, thus becoming 
the pioneers of the trader and the planter, and it 
was due to their labors that one year later a trading- 
station of the New Guinea Company could be opened 
on the opposite island of Seleo, without molestation 
from the natives. 

In Tamara, as well as in Seleo, we had opportunities 
for becoming acquainted with the natives in their 
villages. Upon rough-hewn piles driven in the sandy 
soil, beneath the shade of tall cocoa-palms, they have 
built their modest huts, mere thatched roofs or cover- 
ings, beneath which they store their few household 
utensils, such as stone knives and hatchets, clay pot- 
tery, wooden bowls, and she:: spoons. While the 
women work, the men practise with .ow and urrow, 
and with the spear, with both of wihch weapons they 
are remarkably skillful. At our request they brought 
down with their arrows every high cocoanut pointed 
out to them with infallible accuracy. With equal 
skill they spear every fish. Having caught a number 
of fish, the men proceed to the fantastic Tamboran 
houses (devils’ houses) and prepare a great feast. 
In these tower-like straw structures, adorned with 
grotesque fetishes, the natives collect the skulls of 
their dead, whom they bury near their huts, and 
sometimes in them. Thanks to the influence of the 
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missionaries, many of the savages are already em- 
ployed on the pretty plantations laid out on the 
island of Seleo by the representative of the New 
Guinea Company. Numerous sailing vessels of this 
company engage in barter between this station and 
the coast towns, as well as with Gilbert, Schouten, 
Matty and Admiralty Islands. The natives of these 
isles are, however, not half as pacific as those of New 
Guinea. 

About 200 knots distant from Berlinhafen lies Pots- 
damhafen, where, as in the former colony, there are a 
trading-station of the New Guinea Company and a 
Catholic mission. The most important settlements of 
the New Guinea Company are, however, in Friedrich- 
Wilhelmshafen and Stephansort. 


Were the fever-breeding climate of New Guinea not 
so deadly, a more delightful and charming dwelling 
place in the tropics could not be imagined than 
picturesque Friedrich-Wilhelmshafen, with its great 
island-dotted bay, along whose shores the vast cocoa- 
nut, coffee, tobacco, and caoutchouc plantations of 
the New Guinea Company extend for miles. The 
company has spent millions on the plantations, the 
harbor, docks, warehouses, and laborers’ barracks. 
And, as the seat of the Imperial German Government 
for New Guinea is also located here, this small settle- 
ment makes quite an imposing impression. There is 
no doubt that, to-day, Friedrich-Wilhelmshafen, with 
its twenty white inhabitants, consisting exclusively 
of men, is the largest settlement of whites in New 
Guinea. In British New Guinea the conditions are by 
far not so encouraging. The largest plantations (com- 
prising an area of fourteen square miles) owned by 
the New Guinea Company are in Stephansort, situated 
a distance of only seventeen miles from Friedrich- 
Wilhemshafen; but as yet there is no overland route 
between these two colonies. [n Stephansort there is 
a German Club, a bowling alley, post office, hospital, 
and even a railway, the motive power of which is 
furnished by a yoke of oxen instead of by locomotives. 
Tradesmen, however, such as snoemakers and tailors, 
locksmiths, and carpenters, glaziers and bakers, are 
conspicuously absent; and, although life under the 
newly instituted Imperial German Government has 
become much safer ana more orderly, nevertheless 
years will elapse before the number of planters will 
increase to such an extent as to make the trades- 
people indispensable. 

Considering the extraordinary fertility of the soil, 
the cheapness of land, and the moderate cost of living, 
it can be assumed that New Guinea will soon attract 
a large number of planters. The rich gold deposits 
discovered on the upper course of the Ramu River will 
also entice many whites to German New Guinea, thus 
paving the way for mechanics and tradesmen in 
general. 

With the liveliest interest I journeyed through the 
several colonies and studied the life on their vast 
plantations—those plantations which were created by 
dint of toilful hewing down of trees in the native 
forest, and which are now worked by Chinese, Malays, 
and laborers recruited from Neupommern and Neu- 
mecklenburg. These laborers have paved the way for 
the inhabitants of the native Papuan villages, and 
have shown them how, with the aid of the mission 
schools (the only schools in New Guinea) they may 
outgrow their wild and grotesque primitiveness. 

Although Finschhafen was the first German set- 
tlement in New Guinea, it had to be abandoned on ac- 
count of the deadly climate, and where once stood 
many buildings, workhouses, and cottages, a new trop- 
ical jungle has grown up. We next visited the enter- 
prising village of Simbang, in the territory of the Neu- 
dettelsauer Mission, which has laid out large planta- 
tions on the near-by Sattelberg. Here in the straits 
between New Guinea and Neupommern there is not 
inconsiderable trade among the natives. On various 
islands the Papuans engage in various industries, such 
as pottery, wood-carving, and canoe building, and at 
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certain times they bring these goods to a common 
market, a circumstance which promises further de- 
ve.opment. 


THE INTERNATIONAL CONGRESSES OF: ME- 
TEOROLOGY AND AERONAUTICS AT PARIS. 


Tuese Congresses were held nearly simultaneously 
on account of their allied interests. The Meteorological 
Congress, which began its sessions on September 10, 
had the same character as the Congress held during 
the Paris Exposition of 1889, that is to say, it was 
open to all meteorologists; and although the countries 
participating in the Exposition were invited to send 
delegates, yet these had no power to pledge their re- 
spective countries to any action. More than thirty 
countries were represented this year at the Congress, 
and about one hundred persons of various nationali- 
ties attended its sittings, which, consequently, were 
more truly international than was the case with any 
preceding Congress. The absence of the Chief of the 
United States Weather Bureau was much regretted, 
and the United States was represented solely by the 
officials in charge of the Weather Bureau exhibit at 
the Exposition and by the writer, who had also been 
the delegate of the United States in 1889. The place of 
meeting was again at the rooms of the Societe d’En- 
couragement, outside the Exposition grounds. 

M. Mascart, the director of the French Meteorological 
Office, was chosen president of the Congress, which he 
directed with his usual ability, being ably seconded 
by M. Angot as general sec~etary. ‘I hree vice esidents 
represented England, Russia and Norway, respectively. 
At least half of the hundred papers presented were 
discussed by five standing committees, whose sittings 
were open to any persons interested in the subjects. 
The most important work of the Congress was per- 
formed by these committees, foremost among them 
being the Aeronautical Commission, presided over by 
Professor Hergesell, that discussed the results obtained 
in the exploration of the atmosphere by the inter- 
national use of balloons and kites, and the improve- 
ments that could be effected in instruments and meth- 
ods. Professor Violle, as president of the Commission 
on Solar Radiation, summed up the state of the subject 
and heard several papers. Professor Rucker left the 
meeting of the British Association to preside over the 
Commission on Terrestrial Magnetism, which had pre- 
sented to it the work being done by magnetic observa- 
tories and surveys throughout the world. The Cloud 
Commission, the oldest of these committees, has al- 
ways had at its head the indefatigable Professor Hilde- 
brandsson, who was now able to summarize the results 
of the cloud measurements that through his efforts had 
been executed in various parts of the world during the 
so-called “international cloud-year.” It was resolved to 
invite the meteorological observatories to undertake 
special observations of clouds each month on the days 
that the international ascents of balloons and kites 
were made in Europe. Eminently practical was the 
Commission for Weather Telegraphy, which proposed 
to accelerate the weather dispatches in Europe by in- 
troducing the “circuit system” of the United Scates, but 
found it necessary to refer the matter to the Inter- 
national Telegraphic Bureau at Berne. From the scope 
of these committees it will be seen that comparatively 
few subjects were left for discussion in the general ses- 
sions, which, consequently, haa less interest than usual 
and served mainly to confirm the resolutions of the 
commissions. 

Among the institutions visited, the most interesting 
was the observatory for dynamic meteorology at 
Trappes, near Versailles, where M. Teisserenc de Bort 
maintains an admirably equipped observatory, es- 
pecially engaged at the present time in investigations 
of the upper atmosphere. This observatory, designed 
in general after that at Blue Hill, possesses, besides, 
means of obtaining temperature data at very high 
altitudes by the “ballons-sondes” which are sent up 
twice a week and carry self-recording instruments to 
the height of ten miles or more. Owing to the many 
distractions of Paris, the only general entertainment 
was the banquet on the Eiffel Tower, and this was 
notable for the eloquent discourse of M. Leygues, Min- 
ister of Public Instruction, who welcomed the me- 
teorologists assembled from all parts of the globe as 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 


engaged in a science that benefits humanity and is in- 
dependent of nationality. Co-incident with the Con- 
gress, the International Meteorological Committee held 
a meeting and filled the vacancies existing in it, 
caused by the retirement of Dr. Scott, of England, and 
Professor Tacchini, of Italy, by electing to member 
ship Dr. Shaw and Professor Palazzo, their successors 
as heads of the meteorological bureaus in their re- 
spective countries. Professor Hildebrandsson becomes 
secretary of the committee, a position long and faith- 
fully filled by Dr. Scott. 

The Aeronautical Congress convened on September 
17, the day that the Meteorological Congress adjourned. 
The general sessions were held at the Astro-physical 
Observatory at Meudon, but the sections met at the 


1306. 20935 


tempts to navigate the air by such balloon methods, 
terminating with the balloons recently constructed by 
M. Santos-Dumont in Paris; and the huge one of Count 
von Zeppelin on the Lake of Constance. The other 
lectures were by M. Teisserenc de Bort on the me- 
teorological results at Trappes from “ ballons-sondes ” 
and kites, and by the writer on the use of kites at 
Blue Hill to bring down such data from altitudes of 
three miles. In Paris special and technical papers 
were presented to four sections relating to different 
branches of aeronautics, and at the closing general 
session these communications were summarized and 
some resolutions were adopted. An _ international 
aeronautical committee was appointed, consisting, be- 
sides the officers of the Congress, of ten Frenchmen 


A PAPUAN CANOEING PARTY. 


Institute of France, in Paris. The committee on or- 
ganization continued in office, namely M. Janssen as 
president, and M. Triboulet as general secretary. 
Among the honorary vice presidents was Professor 
Langley, who, with the writer, was a delegate of the 
United States. No other Americans attended the meet- 
ing, and the difficulty of getting to Meudon, no doubt, 
was one reason why so few persons came of the one 
hundred and fifty enrolled. M. Janssen’s address was 
a masterly resume of the progress of aeronautics since 
the Congress of 1889, and contained appreciative men- 
tion of the exploration of the atmosphere by balloons 
and kites. In speaking of the future, M. Janssen pre- 
dicted that the nation which first learned to navigate 
the air would become supreme, for while the ocean, 
which has given pre-eminence to the people using it 
most, has its boundaries, the atmosphere has none. 
What then, asked the illustrious « rator, will become 
of national frontiers when the aerial fleets can cross 
them with impunity? Two important conferences were 
given by the Renard brothers, the well-known officers 
in charge gf the Central Establishment for Military 
Aeronautics at Chalais-Meudon. Major Paul Renard 
described the present state of aeronautics as ex- 
emplified at the Exposition. Colonel Charles Renard, 
who, with Major Krebs as collaborator, constructed 
at Chalais in 1884 the dirigible balloon named “La 
France,” the performance of which has never been 
equaled, gave a critical account of the various at- 


and ten foreigners, whose duty it is to advance aero- 
nautical work throughout the world. On September 
21 a delightful banquet at the Orangerie of the 
Chateau of Meudon, w. ve the first balloons were con- 
structed during the Empire, closed the Congress, and 
predictions were freely made that the conquest of the 
air was near at hand, and that possibly members 
might come to the next reunion in aerial conveyances. 

The noteworthy feature of this meeting, which 
could hardly be called international, was the demon- 
stration of the practical status of aeronautics in 
France. Through the courtesy of the Minister of War, 
the establishment of Chalais was opened to the public 
for the first time, permitting the construction and 
manipulation of the war balloons to be seen, and what 
was more interesting to the student, the apparatus 
employed by Colonel Renard in determining the re- 
sistance of the air to various bodies moving through 
it. At the Park of Vincennes, in connection with the 
aeronautical section of the Exposition and through 
the co-operation of the Aero Club, balloon races were 
organized, and each Sunday the novel spectacle was 
presented of a great number of valloons starting on 
their journey without delay or difficulty. On one 
afternoon seventeen balloons rose successively, each 
aeronaut endeavoring to land as near as possible to 
some point that he had fixed beforehand. The skill 
shown in utilizing the prevailing currents and in ma- 


_ nipulating the guide-ropes may be inferred from the 
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fact that one aeronaut, after a voyage of thirty miles, 
landed with.n half a mile of his goal. The same even- 
ing eight more balloons ascended, and on the follow- 
ing Sundays there were competitions for height and 
distance. In the former contest a bal.oon, filled with 
106,000 cubic feet of illuminating gas and carrying a 
single aeronaut, rose more than 27,000 feet, a height 
never before attained in France, unless perLaps by 
the ill-fated “Zenith,” when two of its passengers were 
asphyxiated. In the final long-distance race, about 
1,400 miles were traversed in thirty-seven hours, and 
three of the six balloons landed in Russia. All these 
voyages, accomplished without accident, tend to popu- 
larize ballooning as a sport and to facilitate its prac- 
tical employment whenever the dirigible balloon shall 
be realized. As before mentioned, a very interesting 
attempt to solve this problem is being made at Saint 
Cloud, near Paris, by M. Santos-Dumont, who sits be- 
neath a cigar-shaped balloon and controls a gasoline 
engine driving the propeller placed in front. In the 
trial witnessed of his balloon No. 4 an accident to the 
rudder made it necessary to hold the balloon captive, 
but, nevertheless, it advanced into a light wind and 
was easily managed. This balloon will compete for 
the Deutsch prize of $20,000 for a voyage to the Eiffel 
Tower and back, a distan e of seven miles, in half 
an hour. The aeronautical exhibit in the Champ de 
Mars was chiefly restrospective, but a novelty was the 
“Avion,” or flying machine, of M. Ader, which re- 
sembles a gigantic bat; and although it has never 
been tried in the open air, yet the ingenious construc- 
tion of the supporting surfaces and the extreme light- 
ness of the steam-engine rendered .t an object of at- 
tention. The kite competiuon at Vincennes, which the 
writer was called upon to judge, was several times 
postponed for lack of wind and had little interest, 
since the cellular Eite of M. Lecornu was the only one 
possessing merit. 

‘the Congresses of Meteorology and Aeronautics in 
1900 are especially interesting as affording a general 
retrospect of the progress made by the twin sciences 
in the century just closing, and as giving a forecast of 
tneir possibilities in the next century, for meteorology 
and aeronautics are mutually dependent upon each 
other. The exploration of the air will give a better 
knowledge of the meteoro] gy vi the upper regions 
and perhaps will result in a more complete utilization 
of natural forces, such as solar energy and wind. 
‘Lhe sea, at present the great medium of international 
communication, is only navigable on its surface, while 
the aeronaut can use a vast depth of atmosrhere, and, 
while oceans separate continents, the atmosphere 
unites and dominates them. It is certain, therefore, 
as M. Janssen said, that man will not stop until he has 
conquered the last domain oper to his activity.—A. 
Lawrence Rotch, in Science. 


IN JUSTICE TO VESPUCCI. 

(Tue following communication has been received by 
the New York Times from Signor Gustavo Uzielli, a 
well-known savant of Florence, who has spent many 
years in endeavoring to destroy the popular school- 
room fallacy that owing to the mistakes of early 
geographers Amerigo Vespucci robbed Columbus of the 
honors that should have belonged to the latter. Signor 
Uzielli is the editor of the Toscanelli, a review, the 
object of which is to prove the obligations that Colum- 
bus was under to Paolo dal Pozzo Toscanelli through 
contemporaneous documents, and also to establish the 
real status of Amerigo Vespucci among navigators by 
the Vespucci manuscripts preserved in the Riccardiana 
Library M. Harrisse, whose letter to Signor Uzielli 
is mentioned by the latter, has done much to throw 
light on the achievemen.s of the Cabots in North 
America. In the letter in question he bids Uzielli to 
persevere in collecting and editing the Vespucci docu- 
ments, which alone definitely show the true relations 
that existed between Vespucci, Columbus and _ Tos- 
canelli.] 

To the Editor of the New York Times 

I have the honor of sending you a letter I have re- 
ceived from the distinguished scholar Mr. denry Har- 
risse concerning the expediency of publishing the nar- 
rative of Vespucci’s travels from contemporaneous 
manuscripts existing in Florence, until now reputed 
spurious, but whose authenticity | have established. 

I beg your leave at the same time to answer the 
article published February 27, 1900, in your influential 
paper. In this article you did me the honor of com- 
menting to your readers on the campaign I have un- 
dertaken with the purpose of destroying the unjust 
opinion held by many, especially in the United States, 
with regard to Amerigo Vespucci. This campaign you 
seem to consider uncalled for. (1 want to acknowledge 
here the encouragement I have received from the 
American press in general in my efforts to render 
Toseanelli better known and to clear the fame of 
Vespucci. Thus the Nation of New York, January 26, 
1893, in a notice of the first numer of the periodical 
Toscanelli, which was issued January, 1893, gives an 
account of my first researches of the Vespuccian manu- 
scripts, and remarks: “Historical scholarship never, 
we believe, launched a more solid and scientific period- 
icai than Toscanelli.” Unfortuna‘ely, this praise did 
not save the publication from dying for want of sub- 
scribers. ) 

You say, among other things: “Perhars if the il- 
lustrious professor would study old histories less and 
new ones more, he would join us in a smile at the need- 
lessness of his admonition. Of course, Americans in 
the past joined in the general mistake about the char- 
acter and labors of him whom the professor calls ‘the 
Dreyfus of che centuries,’ and our writers and orators 
joined in the denunciation of the man who was sup- 
posed to have fastened his own name on the country 
discovered by another; but that was some time ago, 
and since then all of us who pay any attention to such 
matters have learned and frankly admitted that Ves- 
pucci was probably an amiable and able old fellow, 
against whom Columbus had no grievance whatever.” 


THE VESPUCCI OF TRADITION, 


Now who are the American authors who have con- 
tributed to form in me the opinion you consider er- 
roneous? One might perhaps call old the illustrious 
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Emerson, who, writing in 1856, calls Vespucci “a thief 
and the pickdealer of Seville,” but can one call old the 
no less illustrious Blaine, who with his assistants in 
1892, the year of the Columbian festivities, rechristened 
America to the shame of Vespucci, and gave her the 
name of Columbia? And the equally well-known Mark- 
ham, who, in 1894, calls Vespucci a “beef contractor”? 
Can one call old and incompetent John Fiske, the his- 
torian of the discovery of America, and Elias Hall, the 
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secretary of the American Geographical Society, who in 
the above-mentioned year of the Columbian Centennial, 
1892, allude to the shameful imputations cast upon 
Vespucci in the United States, and state the need 
of rewriting his history? And is not this the opinion 
expressed but last year by the above-mentioned Hall 
in his mention of my works in the Bulletin of the 
American Geographical Society, by Haebler, in the 
Literarisches Centralblatt, by Marcel, librarian of tho 
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geographicai maps in the National Library of Paris— 
all quoted by me in the Italian Gazette—and finally by 
Mr. Harrisse? 

Moreover, against those, who, like Blaine, protest 
against the name of America given to the new conti- 
nent, may it suffice to quote another book published in 
1892, on the occasion of the four hundredth anni- 
versary of Columbus, in which another great American 
historian, Payne, writes: “Here at last is positive evi- 


SCIENTIFIC AMERICAN 


1. The United States has never decreed especial cele- 
brations in honor of Vespucci, while such magnificent 
ones were held for Columbus. 

2. In 1898 I was vice president of the committee for 
the celebrations in honor of Amerigo Vespucci and 
of Paolo Toscanelli. In the name of the Marquis 
Piero Torrigiani, president of the committee and 
Mayor of Florence, I begged J. B. Stallo, the eminent 
philosopher, formerly Ambassador of the United States 


LABORERS FROM THE INTERIOR OF NEW GUINEA. 


dence of an enormous habitable land lying in the 
southern hemisphere and hitherto unknown. ‘We are 
justified,’ Vespucci had written, ‘in calling this a new 
world.’ Such, in fact, it was; and men rewarded 
him who made the fact a matter of popular knowledge 
by calling the new world after his name.” (E. T. 


to Italy, and at that time resident in Florence, to ac- 
cept a prominent position on our committee. Mr. 
Stallo finally refused, saying that he held Amerigo 
Vespucci in no esteem whatever. 

That the Vespuccian question is still a troubled 
one to many is proved also by the letter in which the 
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” 


Payne, “History of the New \ id Called America, 
Oxford, 1892, Vol. I., pages i**-) 


EVIDENCE OF MISCO: 


From what has been said abov’ it 4p; at a 
few American scholars have a jus’ appr tion 
Amerigo Vespucci, but that the great majo! 
cluding the scholars not specialists ii 

hold a different view. I am confirmed in p 

by the following facts: 


president of the American Geographical Society, ac- 
knowledging the invitation of the Mayor of Florence, 
announces that he has sent us his representative to 
the above-mentioned celebrations, Captain Alfred T. 
Mahan, United States Navy, who, to our regret, was 
recalled by the breaking out of the war, before reach- 
ing his journey’s end. 

Books of such unchallenged scholarship as those 

st quoted, published no later than 1892, and the 
stetement made by so prominent a man as Mr. Stallo, 
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are the evidence which has led me to conclude that 
the prejuaice against Vespucci is still prevalent in 
America. 

Perhaps things have changed since 1892, or, rather, 
1898. Your country travels with the speed of a light- 
ning express, while our old Europe progresses at the 
rate of an accommodation train! Public manifesta- 
tions indicating that this change of sentiment has 
really taken place among you would give me infinite 
pleasure. 

Be it permitted me to add, however, that my in- 
credulity as to radical change on this score is but 
confirmed by your very article in the New York Times, 
since you write these words in which frankly “! 
heard a sound as of the grinding of an ax”: “The 
belief that the lesser explorer took a part of his name 
from, instead of giving it to, the new continent, is 
certainly as widely diffused in the Western as in the 
Eastern Hemisphere, so why, pray, are we charged 
by Prof. Uzielli or anybody else with ignorance and 
ingratitude?” 

AMERICA VS. AMERIGO. 


If | have well understood the friendly irony of these 
lines, your opinion is that Amerigo, instead of giving 
his name to, has taken his name from, America. 
Such, indeed, was the opinion sustained by the dis- 
tinguished geologist Marcou before the congress of 
Americanists at Paris, in the year of the Columbian 
Centennial. One of his fundamental arguments was 
the following. (Congrés Internationale des Améri- 
canistes, Compte Rendu de la huitiéme session tenu a 
Paris en 1892, page 132.) 

“One of my Italian friends, who is at the head 
of an important administration and resides in Flor- 
ence, has written to me that the name (viz., Amerigo) 
is quite unknown to him as a Christian name, even 
after the celebrity imparted to it by Vespucci, and 
is ceriainly not in use in Italy.” 

Incredible! And more incredible yet is the childish 
ness of those who, finding two Frenchmen owners of 
this name, or, to be more exact, two recorded by Dante 
and a third captain under Charles of Anjou, and find 
ing, moreover, the equivalent names also in ancien: 
Germany and in Hungary, conclude that America ha 
taken her name from a Frenchman, a German, or ; 
Hungarian. It is sufficient for my purpose to name 
merely Amerigo Donati, who in all histories of Flor 
ence is recorded as the leader of the nobles in the firs 
half of the fourteenth century; the familiar d’Amerigo, 
or Amerighi, to which belonged four priors—first 
Francesco Amerigo, and later Benedetto Amerighi, 
Abbot of the Monastery of St.’ Maria, in Florence, 
who died in 1487; then Amerigo Amerighi of Pesaro, 
judge in Florence at the time of Franco Sacchetti, 
and finally the noble Amerigo Amerigui, of an ancient 
family of Siena, son-in-law of the actual Mayor of 
Florence, Marquis Piero Torrigiani. Indeed, as a 
Christian name Amerigo was common enough before 
it was rendered famous by Vespucci, and has been very 
popular ever since. And it was used for women as 
well as for men from the first centuries of Florentine 
history down to our present times, which see the 
family name of Vespucci dying out in the person of 
Ameriga Vespucci, Countess Talon. No writer of 
authority accepts to-day the theory upheld by Marcou 
except perhaps himself. All—be it sufficient to name 
the Americans Fiske, Payne, and Winsor—admit as 
established beyond a doubt that the reading of the 
“Travels of Vespucci” induced Waldseemuller to give 
in his “Cosmographiz Introductio” the name_ of 
America to the new continent, in honor of the Floren 
tine traveler. Allow me one more remark. In your 
article you place Vespucci among the lesser naviga- 
tors, giving first rank to Columbus. I know not what 
rank you assign to Cabot, who in 1897-8 was commem 
orated in Canada as being the first who had set foot 
on the American continent, or what importance you 
assign to the navigations of the Norsemen in th 
tenth century. 

THE REAL DISCOVERER OF AMERICA. 


In truth the discovery of America is not due to on 
single navigator. None can be considered as its on!y 
hero. Therefore, Carlyle was right in not placing the 
discoverer of America among the chief heroes of the 
world. although the discovery of the new continent is 
the principal event in the history of humanity. The 
discovery of America tends to confirm the theory that 
all the great evolutions of history must be brought 
about by economic causes. It was due chiefly to the 
closing of the commercial highways between Europe 
and Asia, consequent upon the invasions of the Tar- 
tars and the Turks, the Asiatic peril of the fifteenth 
century, as the Chinese revolution is the Asiatic peril 
of the twentieth. The need which impelled Europe to 
keep open the ways of communication with the Far 
East and rendered the discovery of America inevitable 
is the same which renders inevitable to-day the Euro- 
pean-American coalition against China to keep open 
that vast empire to the commerce of the world. 

The economic inevitableness which caused the dis- 
covery of America is precisely the thesis I have de- 
veloped in my work cn Toscanelli. My fundamental 
conclusions have been approved by competent Euro- 
pean critics, among whom I shall name but one of the 
most distinguished modern historians—Ludwig Pastor. 
{Historisches Jahrbuch, Bd. xvii.. 1895. Heft L., 
p. 206.] Allow me to outline the leading idea of my 
book. 

Prince Peter of Portugal was in Venice at the be- 
ginning of the fifteenth century. There he saw the 
incipient decline of the Venetian commerce with the 
East, owing to the advance of the Turks; before whom 
the highest dignitaries of the Byzantine Empire were 
seeking refuge in the very city he was visiting. Wit) 
quick intuition the Prince foresaw that Portuga 
might become the new commercial headquarters of the 
ships which brought spices and other merchandis« 
from the Far East. The Republic of Venice knew 
no more welcome gift to offer Prince Peter than a 
beautiful codex of the Milione of Marco Polo. 

At Florence the Prince must undoubtedly have be 
come well acquainted with Toscanelli and have es- 
tablished intimate relations between the Court of 
Portugal and the learned Florentine. The principal 
proofs of this fact are the interview which took place 
in Florence in 1459 between the Florentine astronomer 
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ond the Portuguese Ambassador ( Uzielli, G—Colloquio 
vvenuto in Firenze nel Luglio 1459 fra gli Ambascia- 
tori del Portogalio e Poalo dal Pozzo. Toscanelli. 
ttioma, 1898.—Estratto dalle Memorie della Societa Geo- 
trafica Italiana. Vol. VII1., 1898), and, secondly, the 
interviews that the former had in Rome with Canon 
rernando Martins of Lisbon, and the letters which he 
subsequently wrote to the latter in answer to the 
1estions asked him by King Alphonso V. of Portugal. 
n these letters was outlined the ocean course to the 
and of Spices—that is to say, China and the neigh- 
oring isles. This course, as is testified by Las Casas, 
vas faithfully adhered to by Columbus, while other 
estimony proves that Toscanelli, moreover, traced for 
the King of Portugal a course for the circumnaviga- 
tion of Africa, also leading to India. 


POSCANELLI'S WORK 


This was the course followed by Vasco de Gama in 
i498. (Uzielli G. e Celoria G.—La vita e i tempi di 
Poalo dal Pozzo Toscanelli. Roma, 1894. Vol. I. of 
the Fifth Part of the “Raccolta Colombiana.”) At all 
events, the Congress of Antwerp, in 1873, justly pro- 
claimed Poalo Toscanelli to be the inspiring spirit of 
the discoverer of America. 

Prince Peter, having returned to Portugal, induced 
his brother to assume the scientific direction of the 
ocean expeditions in search of a way to Asia by either 
of the two above-mentioned courses traced out by 
Toscanell Many tried in vain to sail the westward 
course, a feat accomplished later by Columbus, Ves- 
pucci, Cabot, and many others. But Blaine in his book, 
quoted above, observes, justly “Had not Columbus 
discovered America in 1492, a hundred Columbuses 
would have discovered it in 1493." (Columbus and 
Columbia Boston, 1892. Page 45.) And if not in 
1493, certainly before the close of the century As 
a fact, the true origin of the discovery of America is 
to be sought in the evolution of civilization, and not 
in one only hero, be he Toscanelli or Columbus—Tos- 
canelli because he pointed out the way, but did not 
follow it himself; Columbus because -he holds the only 
record of having arrived first j 

But nevertheless it is just, perhaps, that a Florentine 
should have given his name to the new world, since, 
though Columbus arrived first, from Florence—that 
is to say, from Toscanelli—came the great impulse 
that sooner or later had to bring about the great dis 
covery And Vespucci, indeed, not Columbus, sailed 
along vast stretches of the coast of the new continent 
ana was the first to realize the importance of the dis- 
covery. 

While | am trying to overcome the difficulties that 
stand in the way of a faithful publication of the 
narrative of the travels of Amerigo Vespucci from 
the Florentine manuscripts, until now erroneously 
considered forgeries, | see numerous Americans, es 
pecially of the gentler sex, who are visiting Florence, 
in spite of a very hot summer May I hope that, 
among the many treasures of this city, they have also 
visited the place where are kept the relics of the in- 
spirer of the discovery of America and of him who 
has given America a name, considering that, in sub- 
stance, this discovery was but the outcome of the high 

culture of Florence at the time of the Renaissance? 

And, if this pilgrimage has taken place, may I con- 
sider it due to a change of sentiment concerning these 

two illustrious Italians brought about by the American 


press’ 
With this hope, I have the honor to remain, my dear 
sir, GUSTAVO UZIELLI. 


Florence, September 20, 1900 


THE MECHANISM OF AMPHITHEATERS.—II. 


In the Surrrement, No. 1305, we published an 
article entitled “Some Roman Amphitheaters:” now 


we describe some details of the mechanism by which 
the Romans were enabled to enjoy the spectacues 
in comfort and safety As we have already shown, 
the floor of the arena was all cut up by large troughs 
and trap doors, which may be compared to the 
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“bridges” and “traps” of the modern theater. The 
Colosseum at Rome was no exception to the rule, and 
though the ruins are not in as perfect condition as at 
Capua and Puzzuoli, still enough remains to show how 
the galleys were launched and how the animals were 
admitted to the arena. The arena may be said to be 
divided {nto long narrow passages by a series of walls, 
some parallel to the major axis and others following 
the curve of the oval. The dens for the beasts were 
arranged around the oval; they were 8 feet wide, 
5% feet deep, and were constructed of brick-faced 
concrete. ‘In the vaulted roof of each was an opening 
for the introduction of food; the front of each cage 
had a grating. Travertine corbels in pairs supported 
the lower masts, which in the Colosseum served to 
hold the lower end of the awning, for in this amphi- 
theater the awning only protected the spectators and 
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AWNING OF THE AMPHITHEATER OF CAPDA. 


dia not cover the arena proper. These supports for 
the masts Were built right into the dens. 

In the floor at the front of the dens, forming a ring 
around the arena, was a drain or water channel, which 
was used to give the animals water to drink. Water 
still flows through this channel. In early times the 
cages were probably brought up to the level of the 
arena by inclined planes, which still exist; they were 
evidently drawn up by windlasses. A great portion of 
the scenic machine:y was of wood, and the absence 
to-day of this timherwork leaves the archeologist in 
some doubt as to the actual arrangements; but it 
seems well determined that a numLer of lifts were 
constructed in four of the straight passages, and the 
late J. H. Parker mace an able restoration of it in 
his “Flavian Amphitheater,” which we reproduce., An 
animal is represented first as coming out of his den 
into a cage; next the capstan is seen, followed by a 
cage in midair, the ropes or chains passing over 
pulleys. At last the cage reaches the level of the 
arena, and the cover is thrown up, either automatically 
or from below./ Grooves can be traced to-day in the 
ruins which served to guide the cages in their ascent. 
The cages had two doors, one at the end and one at 
the top. It is probable that there was a trap door 


at the top cf each lift, and that the cover was pulled 


open by a cord from below just as the cage reached 
the floor of the arena. A number of massive bronze 
sockets, with dovetailed flanges set in great blocks 
of travertine, exist in various parts of the sub- 
structures, They bear marks of wear from the pivots, 
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These must have been used for windlasses to raise 
heavy pieces of scenery or the cages of animals. 

The persons in the lower tiers of seats were pro- 
tected by strong nets and by bars that turned on 
pivots, so that the claws of the wild beasts haa no 
hold on them. The scenes in novels such as “Quo 
Vadis ”’ appear even more real after the diabolical in- 
genuity of the arrangements is understood. We must 
all deplore the butchery which occurred in the arena 
of this and other amphitheaters, but at the same time 
we must admire the misdirected efforts of the Roman 
engineer. There is no doubt that the effect of bring- 
ing a large number of wild beasts into the arena sim- 
ultaneously was tremendous and spectacular in the 
extreme. 

It will be readily seen that the heat of the sun 
would undoubtedly cause great discomfort to the 


audience, which sat for hours watching the sports 
in the arena. In most amphitheaters an awning only 
extended over a portion of the inclosure, but at Capua 
the whole space appears to have been covered by an 
awning or rather an ingenious series of awnings, 4s 
shown in our diagram. There must have been trav- 
ertine corbels all around the top of the amphitheater 
to hold the wooden poles which supported the awning 
over the heads of the spectators. A whole army 
of sailors was employed to furl and unfurl the awn- 
ing. The spectators in the Capuan amphitheater were 
shielded from the sun and rain by an awning made 
in thirty-nine sections. One end of the awning could 
be run across the shorter axis of the building inde- 
pendently of the other. The sections of awning were 
arranged to overlap, so that when all of the awnings 
were set the entire cavea and the arena were covered. 

In the Colosseum at Rome, as already mentioned, 
the awning only protected the spectators. The cornice 
was 160 feet from the ground, and built into it were 
stones pierced with a round hole. Fourteen feet below 
each hole a large travertine corbel projected from the 
face of the wall; the top of the corbel was counter- 
sunk. The wooden pole was dropped through the 
hole in the cornice and rested on the corbel. Other 
corbels on the inner face of the wall held a corre- 
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THE CAGE LIFTS OF THE COLOSSEUM OF ROME. 


sponding set of wooden uprights. The two masts were 
about €% feet apart, and thev were probably lashed 
together so as to make a stiff support, as the strate 
on the ropes must have been great. The awning sloped 
away from these masts until the poles were reached 
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which were grounded in the corbels which projected 
from the animals’ dens. Of course, these poles were 
tall enough to raise the awning sufficiently to allow 
the spectators on the topmost seats to see the arena. 
At the time of Rome’s greatest extravagance the 
awning and ropes were made of silk. Traces of 
a wooden gallery for the sailors who operated the 
awning still remain. The problems we have con- 
sidered were two of the most interesting of the 
engineering achievements of the Romans, though not 
the greatest. 


DISTRIBUTION OF SEEDS BY WIND. 


In the course of his lecture before the Royal Horti- 
cultural Society on “ The Dispersal of Seeds,” Prof. 
G. S. Boulger made the following interesting obser- 
vations on the adaptation of fruits and seeds to dis- 
persal by wind, says The Gardeners’ Magazine. This, 
he said, may be roughly divided under three cate- 
gories: First, lightness, whether of the seed, fruit, or 
entire plant; second, wings; third, plumes or para- 
chutes. It is undoubtedly significant that it is especial- 
ly among parasites and saprophytes—plants that 
more urgently require a wide dispersal of their abund- 
antly produced seed—that we meet with some of the 
most striking instances of extremely light seeds. 
Orobanche, Monotropa, Purola, and many orchid. are 
cases in point, Goodyera repens, for example, having 
seeds which weigh only .000002 gramme each. 

Small light seeds are also often combined with the 
somewhat simple adaptation known as censer action, 
as in many Caryophyllacee, poppies, etc. The in- 
flated pods of the bladder senna (Colutea arborescens) 
may merely catch the wind while still on the plant, 
so. as to jerk out the seeds separately as they sway 
in the breeze, or they may break off and be carried 
balloonlike to somewhat greater distances. As we 
might expect, it is especially among the plants of 
those wide-stretching level tracts of arid ground, the 
steppes of Eastern Europe and of Asia, where plants 
have often so great ‘a difficulty in sustaining life at 
all that we meet with instances of this class of adapta- 
tion. The fruit of Cachrys alpina, one of the Um- 
bellifere of these regions, for example, measures 13 
mm. by 10 mm., but weighs only .07 gramme, while 
another species of the same genus, from Shiraz, meas- 
uring 15 mm. by 10 mm., weighs only .06 gramme. 
The spirally coiled legumes of some species of Medi- 
cago may also be cited in this connection; but more 
interesting still are those cases in which various sub- 
sidiary structures become detached, or even the whole 
plant is rolled away by the wind. In Trisolium sub- 
terraneum, and allied species, for example, the calyx- 
teeth of the abortive flowers form a loose globular 
cage round the head of legumes, and the whole of 
the ball thus formed breaks off and is rolled along by 
wind. In the wig tree (Rhus cotinus, a familiar garden 
shrub), most of the branches of the inflorescence are 
barren, forming merely reddish feathery arms, one 
branch which bears a drupe becoming detached to- 
gether with all this “ wig,” and being in consequence 
readily blown about. Similarly in the Australian 
grass Spinifex squarrosus the entire head, the bracts 
of which are long and spiny, breaks off when the fruits 
are ripe, and is blown about in the sand. The rose 
of Jericho (Anastatica hierochuntica), one of the 
Crucifere, which is now commonly sold as a curiosity 
in London, is a type of those steppe plants which be- 
come detached whole from the ground during the 
arid fruiting season, when the soil is cracked by heat. 
Its branches, bare of leaves, but still carrying the 
fruits, bend inward, forming a dry ball of wicker- 
work. This inward bending may help to uproot the 
tap-root, as does the outward bending of the branches 
in the case of a physiologically similar plant, Plantago 
cretica, described by Kerner. The whole plant is 
then blown along until it reaches moisture, when 
both branches and fruit-valves open out hygroscopical- 
ly. It has been suggested that this plant is the 
“ Galgal” of Psalm Ixxxviii. 13, translated “ wheel” 
in our English Bibles. There are also a considerable 
variety of herbaceous plants on the Russian steppes, 
of which Alhagi camelorum, Salsola kali and Centaurea 
diffusa—plants belonging to very diverse families— 
may be mentioned as examples, in which the base of 
the aerial stem decays, so that all the rest of the plant 
is liberated. These dry, rigid, branching plants are 
rolled together by wind until they accumulate in the 
huge balls known as steppe-witches or wind-witches.* 

We come next to the great series of plants in which 
wind-dispersal is facilitated by wing-like structures 
attached either to fruit or seed. Among these we shall 
find representatives of a very large number of natural 
orders, and a great variety in the anatomical or struc- 
tural origin of the “ wing” itself, showing that this 
mode of seed dispersal has originated independently 
in many groups, and has been evolved along many 
independent lines. Nevertheless, as Sir John Lubbock 
has pointed out, they agree in many physiological or 
adaptational characters; as, for instance, in occurring 
almost always on trees or climbing shrubs well ex- 
posed to wind, and in having the seed generally in an 
eccentric position. 

Beginning with those wings which are attached to 
fruits, we find that we may further subdivide them 
into three or four groups. In some the wing is in 
origin a bract, as in the hop, Humulus lupulus, the 
hop-hornbeams, ostrya, the spinach (Spinacia), and 
in such members of the order Nyctaginee as Bougain- 
villea, where the bract has previously served to attract 
fertilizing insect-visitors, and Mirabilis. Here, too, 
we must class the numerous grasses, such as species 
of Briza and Melica, in which glumes adhere to the 
fruit and serve more or less as wing. Here, too, 
belongs that beautiful structure, the adherent leafy 
bract in the lindens (Tilia), to which the weight of 
several fruits is so eccentrically attached as to give 
it in falling the same screw-propeller action that we 
have in tne wings of maples—an action which enables 
a very slight breeze to carry it beyond the over- 
shadowing of the parent tree. 

Next we have a variety of instaners of wings 
originating in the perianth, ge e calyx.. Such 


* Kerner, “ Natural History of edition, vol. ii., 
850. 
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are the three leafy wings in Triplaris surinamensis, 
Cham, one of the Polygonacea, the allied but dissimilar 
wings in the docks (Rumex), and the similar but not 
allied wings in the Dipterocarpacex. Froelichia, one 
of the Amaranthacez, has a two-winged perianth; and 
thrift (Armeria maritime, Willd.) has a parachute- 
like membranous outgrowth of the accrescent calyx- 
limb. 

Lastly, there is an even graeter variety of wings 
formed from the pericarp itself, though here we ought 
undoubtedly, in anatomical strictness, to distinguish 
between “inferior’’ ovaries, such as the three-winged 
fruits of begonia, where the wing is perhaps rather 
of perianth origin, and such “superior” ovaries as 
the ‘“‘samaras” of the maples, elms, and ashes. On 
the one hand there are also the Combretacez, such as 
Terminalia and Quisbualis and the well-known Ailantus 
glandulosa, Desf.; on the other, such Leguminose as 
Pterocarpus and Centrolobium, and one of the two sub- 
orders of Malpighicaezw, including the maple-like fruits 
of Banisteria, Triopteris, Tetrapteris, and others. 

Though performing an absolutely identical function 
to that of the wings of fruits, those of seeds are ob- 
viously of entirely different origin. It is interesting 
to notice here what appear like the first stages of such 
an adaptation, where, for instance, in the genus Pinus 
we have every gradation between no wing at all and 
one of considerable size; or where, as in Lilium, Fri- 
tillaria, Tulipa, Agapanthus, Funkia, and other 
members of the order Liliacew, or in Rhinanthus, 
Veronica, and other Scrophulariacee, we find seeds 
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tioned plants, | woulu remind you that we have some 
Composite with a trace of a limb to the calyx and 
many without any pappus; while, when present, the 
pappus may ve sessile at the apex of the fruitlet, as 
in the thistles, or carried up on a long, slender stalk- 
like tube, or “stripes,” as in the dandelion; and its 
hairs may be simple (pilose) or  feather-like 
(plumose). The hygroscopic character of these hairs 
gives them some effect in levering the fruitlets off the 
common receptacle, in connection with which action 
I would also remind you of the remarkable change 
of form of the common receptacle in the dandelion 
(Taraxacum) from concave in the flowering stage to 
a taut convexity when in fruit. The tufts of hair in 
the reed mace (Typha) proceed from the pedicels; 
while the well-known long tail-like plumes of the 
feather-grass (Stipa pennata), one function of which, 
as Dr. Francis Darwin has temonstrated, is to bury 
the fruit in the ground, are awns proceeding from the 
species of glumes. 


CRYPTOSTEMMA LUSITANICUM. 


Tus new annual has the merit of being extremely 
free blooming, with the drawback that its flowers close 
as soon as the sun ceases to shine upon them, or usu- 
ally between 1 and 2 P. M., and on dull sunless days 
they sometimes do not open at all. The flowers are of 
a pale shade of yellow, with dark brown centers, and 
rise about 8 inches from the ground, each of them 
on a separate stem. They are well and accurately 
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for the most part only slightly flattened, or with 
a comparatively narrow and thick wing. On the 
other hand, a large proportion of the Bignoniacee, 
such as Bignonia, Tecoma, Eccremocarpus, Catalpa, 
Wellingtonia, or Spathodea, the genus Deutzia in Saxi- 
fragacee and Zanonia macrocarpa, Blume, a cucurbi- 
taceous plant in the Sunda Archipelago, exhibit this 
character in its highest perfection, having broad and 
delicate wings of feathery lightness. 

Under the name of “ parachutes” we might include 
such membranous expansions of the border of the 
calyx as we have mentioned in the thrift, and as occur 
in some Labiate and Scabiouses; but we will speak 
now only of hairy or feather-like appendages. Like 
wings, these must structurally be sharply divided 
into two main groups according as they are attached 
to the fruit or to the seed. The former of these groups 
again presents great variety of structural origin, the 
feathery process being developed from style, corolla, 
calyx, pedicel, or glume. In the old man’s beard of 
our hedgerows (Clematis Vitalba, L) in some, but not 
all, species of the allied genus Anemone, notably in the 
beautiful pasque-flower, A. Pulsatilla, and, by one of 
those interesting parallelisms between the orders 
Rosacee and Ranunculacee, in Dryas, and some species 
of Geum, the style persists as a feathery awn. In 
the myrtaceous Verticordia oculata the fruit is crowned 
by five persistent petals, each consisting of a fan of 
ten palmately arranged but pinnately divided feathery 
lobes, a most beautiful, exceptional, and highly special- 
ized adaptation. The labiate Micromeria has the five 
teeth of its calyx fringed with hairs; the long, simple 
hairs of the cotton-sedge (Eriophorum), now known, 
believe, in commerce, as “arctic wool,” represent a 
perianth; while all the varieties of “ pappus”’ among 
the Composite are developments from the margin of 
the calyx-tube. In connection witn these last-men- 


represented in the accompanying woodcut.—The Gar 
deners’ Chronicle. 


EFFECT OF INCANDESCENT GASLIGHT ON 
PLANT GROWTH. 

TweENTy years ago Sir William Siemens made a 
series of experiments on the influence of the electric 
light upon vegetation, a detailed description of which 
he read before the Royal Society on March 4, 1880. 
A series of similar experiments with incandescent gas 
are described by Mr. J. J. Willis in a_recent number of 
the Gardeners’ Chronicle. Mr. L. C. Corbett carried 
on his experiments in a greenhouse at the West v.r- 
ginia station, during the years 1895 to 1899, with let- 
tuce, radishes, spinach, tomatoes, sugar beets, and 
seedling cabbage, mainly from an economic stand 
point. Eight Welsbach incandescent burners were used 
in the experiments, and these were so aiternated in 
position from time to time as to overcome local tem- 
perature and light differences. 

The experiments with lettuce involved- twelve dis- 
tinct crops and nearly 10,000 plants. ‘Transplanting 
the young plants from pots and using an artificial 
light only duripg the period the plant occupied the 
permanent greenhouse bench, were adopted after com- 
parative trials as being the vest method for the grow- 
ing of lettuce on a commercial scale. The plants 
grown in artificial light were taller, heavier, grew 
faster, and matured quicker than plants grown from 
the same lot of seed under normal conditions. in 
one experiment 400 plants exposed to the stimulating 
influences of the artificial light for forty-six nights 
weighed 68% pounds; while a similar lot grown under 
normal conditions weighed 49. pounds, an increase in 
favor of the former of 38", per cent, 
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Radishes were grown between the rows of lettuce, 
as is commonly practised in commercial houses. The 
artificial light notably increased the development of 
the tops of the radishes, and slightly increased th¢ 
size of the roots. The heliotropic effect of the incam 
descent light was greater with radishes than with 
any other plants grown. The stimulating influence of 
the incandescent light, on the other hand, was greatest 
with spinach. It caused the production of seed shoots 
in the row to a distance of nearly 8 feet from the 
light. Spinach-plants subject to the influence of the 
light, grew faster and completed their growth in less 
time than plants grown normally. 

The records of the yield, and the date of first bloom 
of tomatoes grown from seed and also from cuttings, 
show no increase in weight of the fruit grown in the 
light, though the blossoming period was from eight 
to eighteen days earlier, and the individual fruits 
were generally larger than when grown unaer normal 
conditions. 

With sugar-beets, the tops, sugar-content of the roots, 
and percentage of purity were considerably increased 
by the use of the incandescent gaslight. The largest 
and heaviest roots, however, were grown under normal 
conditions. 

The range of stimulating influence of the incan- 
descent light was somewhat variable for different 
crops. In general, the maximum growth was attained 
at 12 to 16 feet from the light, while a perceptible 
increase was noticed at 24 feet. The stimulating in- 
fluence of the lis ht as indicated by the growth of plants 
used in the vavious tests, is shown by the order in 
which the sorts are named, the first being the most sus- 
ceptible: Spinach, cabbage, radish, lettuce, tomatoes. 

In a study of the periodicity of plant-growth as 
modified by the influence of the artificial light, it was 
found that the most active period of growth of lettuce 
subject to the influence of the incandescent gaslight 
began at 11 P. M., and continued until 9 A. M.; while 
with the plants grown under normal conditions the 
most active period of growth began at 4 A. M., and 
continued until 11 A. M. In the first instance the 
period of growth was ten hours, and in the second, 
seven hours. In these experiments it is reported that 
no injurious effects resulted from the use of incandes- 
cent gaslight. 


NEW METHOD OF TESTING GLASS SURFACES. 
By Epmunp M. TypEMAN. 


One of the most serious practical difficulties in the 
manufacture of fine compound achromatic object 
glasses of large aperture is that experienced in apply- 
ing a satisfactory test to the convex surfaces of the 
lenses of which they are composed; and so great an 
obstacle has this proved, that opticians to-day are not 
using those combinations of curves in their object 
glasses that most commend themselves to their judg- 
ment as forming the best solution to the complex 
problem involved in the mutual destruction by each 
other of the opposing aberrations, because it calls for 
the employment of three or more convex surfaces; 
while for testing the one convex surface that it is 
imperative in any case to employ, they have recourse 
to an inferential method, or to a tedious empirical 
process 

For example, that “form” of object glass that 
would yield the maximum field of view with relative 
excellence of image for some considerable distance 
from the optical axis is seldom or never used except 
in the case of very small object glasses, because it 
involves the accurate working of no less than three 
convex surfaces out of four; and in describing their 
new photo-visual three-lens object glass, Messrs. Cooke 
remark, “ there are thus three concave surfaces whose 
figuring can be directly tested by reflected light, while 
each of the remaining three surfaces being convex can 
only be tested for figuring in an indirect manner,” 
by a method which they proceed to describe in detail, 
involving the employment of a liquid between the 
several lenses, a messing and tedious job at the best. 

It is weil known that the correctness of the figures 
and curves of nearly all polished concave surfaces can 
be readily tested by means of the very simple and In- 
genious methods devised by the late Prof. Foucault. 
It should, therefore, be a matter of no small satisfac- 
tion to have pointed out a simple plan by which his 
convenient and accurate method of testing may be 
applied with almost equa! facility to convex as to 
concave surfaces. 

All that is requisite in order to do this, is to take a 
cast of the surface to be tested in a suitable black 
cement; although it has been a matter of some diffi- 
culty to find a compound that would (1) conform itseif 
accurately to the polished glass surface, (2) which 
would maintain its figure perfectly far a period suffi- 
ciently long to admit of careful scrutiny from its cen- 
ter of curvature, (3) with a surface sufficiently 
uniform and reflective, (4) that would not attach itself 
to the polished surface so tenaciously as to need great 
force for its separation, (5) and that could be applied 
directly to the glass surface while still warm, without 
tne intervention of any foreign substance whatever, 
and yet would not adhere strongly to it. The com- 
pound that has been found to fulfill these condi- 
tions is made by melting together the best white 
paraffin wax with a trace of fine “ water white” resin, 
into which is to be sifted a sufficient quantity of finely 
pulverized lampblack. As paraffin wax differs consid- 
erably in the quality of hardness, the proportion of 
resin required will be a matter of experiment, the 
wax sometimes being found sufficiently hard for uae 
without it. 

A cast iron back, the same size as the surface to be 
tested, having tied around its edges a, strip of paper 
forming a rim from a quarter inch to one inch in 
height, according to the depth of the convex surface 
to be tested, is laid upon a level table, having first 
been sligntly warmed: upon this plate is poured the 
melted cement; when it has become nearly cold, the 
paver rim is stripped off and the surface moulded to 
tne contour of the glass surface by pressing It upon it. 
Or should this be found inconvenient the cement may 
be poured directly upon the glass surface, but in this 
case the glass must be very dry, cold, and clean, and 
the cement must not be heated more than just enough 
to allow it to flow freely, or it will be sure to adhere to 
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the glass; the flat metal back can then be warmed 
just sufficiently to make it adhere to the wax, and at 
once be cooled off by sponging with cold water. When 
the whole has become quite cold, it will be found that 
the wax can be readily detached from the glass by the 
hands, assisted with a few gentle taps from a raw-hide 
mallet. 

The concave wax surface can now be tested in the 
usual way by the Foucault method. If, however, the 
radius of the surface be very short compared with the 
aperture, the process must be modified in a way that 
will be readily understood by any one at all familiar 
with it, by means of the accompanying diagram, in 
order to bring the conjugate focal points closer to- 
gether than is possible by M. Foucault's original plan, 
in which it is impracticable to bring them nearer than 
two or three inches, a matter of but slight consequence 
where the proportion of radius to aperture is greater 
than ten to one; but when the proportion is much less 
than this, it will be found, upon moving the straight 
edge across the cone of rays at or near the focal point 
from right to left, that the shadow instead of advanc- 
ing across tie illuminated disk of the glass surface in 
a regular manner, or coming over it all at once, will be 
seen to sidle around the edge, until it appears on the 
other side, precisely as it does when the attempt is 
made to apply this test to a long focus mirror of a 
somewhat cylindrical form. When this advancing 
shadow does appear to the eye to cloud the illum- 
inated surface of the glass all over equally at once, it 
is certain that the knife edge is located precisely at 
the radial point of a perfectly spherical surface, and 
ty using the pencil of light radiating from a strongly 
illuminated pin hole of about 1-250 of an inch aperture, 
the radius of such a surface, or any particular portion 
of it, may be correctly measured to within 1-200 of an 
inch. 

The accompanying diagram is a plan, one-third size, 
showing the method of testing a 9-inch concave surface 
of 27 inches radius. The mirror or surface, A, is sup- 


posed to be standing or otherwtse supported edgewise 
upon a table, its center being some 6 or 8 inches above 
its surface on a level with the eye of the observer, H, 
and also with the flame of a lamp on the right hand 
at H. The flame of the lamp is surrounded with a 
screen of thin sheet metal that is pierced with a 
round hole about one-eighth of an inch in aperture. N 
is a small convex mirror of silver or similar metal 
about three-eighths inch diameter and highly polished. 
It is mounted on a small pedestal, so as to bring it 
about level with the eye, and with the center of the 
surface to be tested. 

A pencil of light proceeding from the aperture in the 
lamp screen, B, is made to impinge upon the convex 
surface of the hemispherical mirror, N, and from 
thence (it being one of the conjugate foci of the sur- 
face, A) it proceeds to the concave mirror, A, from 
which it converges to the other conjugate focus, c, 
and enters the eye placed just behind it. 

If the surface, A, be a perfeci sphere, when the thin 
screen or knife edge, e. is moved across the cone of 
rays at its apex or focus, the whole of the illuminated 
surface, A, will be seen by the eye placed at e to darken 
all over instantly and in every part simuitaneously; 
but should the minutest irregularity exist, it will be 
apparent as a patch or ring, more or less luminous, ac- 
cording to the magnitude of the defect, that will only 
darken before or after the darkening of the surface, 
generally as the screen is advanced from right to left, 
so as to cut more and more into the cone of rays repre- 
sented by the dotted lines, A, c, A. 

In order to measure the differing radii of these de- 
fective patches or zones, the rest of the surface must be 
covered over with rings or screens of paper, leaving 
only the particular part in question exposed. The 
knife edge being moved nearer to or farther from the 
mirror, A, by a graduated screw or rack work, K, read- 
ing to hundredths of an inch or less, and the eye being 
applied as close to the edge as possible, when the dark 
shadow seems to come over the particular ring or zone 
under examination equally from all sides a. once, the 
distance of the knife edge from the mirror or surface, 
A A, equals precisely the radius of that zone, any dif- 
ference between which and the rest of the surface can 
be read off from the graduated scale, K, K, attached to 
the movable knife edge. 

In testing surfaces of short radii it is necessary that 
the small mirror, N, and the eye, HZ, should be brought 
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as closely together as possible, otherwise an astigmatic 
or cylindrical effect will be given to the cone of rays 
tnat will prevent their true focus being uetermined. 

To get the various parts of the apparatus, and the 
mirror, N, in place in the first instance, it will he 
found advantageous to substitute the flame of a candle 
or of a small lamp in lieu of the small mirror, N; the 
reflected image of the flame can then be received on a 
piece of white paper and the mirror, A A, be moved 
about until the approximate position of the small mir- 
nor N, and of the knife edge, e e, is determined. 

The “principal” focus of any regular concave re- 
flecting surface, or of any part of such surface, can 
readily be measured in this way with perfect certainty 
to within 1-500 of an inch. 


ARSENICAL SULPHURIC ACID. 


Tne recent epidemic of beer poisoning which has 
created so much commotion in Manchester and Salford, 
and to a less extent in other North of England towns, 
has, as readers of the daily papers will be aware, says 
Engineering, been traced to the use by certain brewers 
of an impure glucose containing arsenic, which inju- 
rious ingredient was derived from the sulphuric acid 
used in the manufacture—at least, this is the firm 
conviction of those who have gone into the subject, 
though until expert evidence is given at the adjourned 
inquests on the supposed victims, it would be prema- 
ture to speak as if the whole mystery as to the amount 
of injury the arsenic has worked had been definitely 
ascertained. With the general facts of the epidemic, 
and with its ultimate outcome, as far as fixing the 
blame on certain persons is concerned, we are not 
minded here to speak; it is only in the way of dis- 
cussing one or two points in connection with the manu- 
facture of commercial vitriol or sulphuric acid that we 
have sought to emulate the example of our daily con- 
te.uporarics by making some reference to the subject, 
which is one, to judge by the tenor of some remarks 
we have read, evidently of considerable novelty to 
many of the scribes. 

The fact that ordinary vitriol, as made from Spanish 
pyrites, contains varying percentages of arsenic as an 
impurity, is well known, and there can be but few users 
of the substance—except, perhaps, those who employ 
it for such nefarious purposes as personal assault— 
who are not quite alive to it. In the earlier days of the 
manufacture it was not so, as the acid was made from 
brimstone, which may be considered as free from ar- 
senic, though in common with many other bodies, it 
may sometimes show traces of it. It is now many 
years ago since a rise in the price of brimstone led to 
the use of British, and then Spanish pyrites, the latter 
substance at the present day being the raw material 
almost exclusively used. This pyrites as obtained 
from the Rio Tinto and Tharsis mines contains vary- 
ing amounts of arsenic, an impurity which has caused 
the copper smelting interest a vast amount of trouble. 
The ore, when pure, contains about a third each of 
iron, copper, and sulphur, but as imported to England 
for use in the alkali manufacture it has more the com- 
position of an iron pyrites, tne percentage of copper 
being only about 4 or 5. It has been suggested that 
some of the ore imported during this year may have 
been much more highly arsenicated than usual, and 
— have led to the greater impurity of the acid made 
rem it. 

The ore, known as mundic in Cornwall, from which 
the arsenic of commerce is obtained, is well known to 
occur under its more general name of arsenica! pyrites 
at the Spanish copper properties, and it is no extrava- 
gant assumption to suggest that a vein of this pyrites 
may have been struck without any special attention 
being drawn to the fact. Color is certainly lent to this 
supposition by the fact that the amount of arsenic 
found recently in acid made in the North of England 
was decidedly greater than is ordinarily supposed to 
be present. A German authority gave a few years ago 
some figures which he nad obtained in the analysis of 
English commercial acid, and the arsenic present was 
given as 0.2 per cent. Against this it is to be noted 
that Prof. Dixon, of Owen’s College, has recently re- 
ported finding 1.4 per cent, a decidedly high figure 
showing unusual contamination. It may be mentioned 
that where a series of chambers are connected up to a 
set of pyrites burners, the amount of arsenic found in 
the vitriol of the first chamber will greatly exceed that 
found in the acid of the succeeding chambers; indeed, 
the figure may rise as high as 5 per cent. This fact 
is, of course, well known to the manufacturer, and 
advantage is taken of it to prepare the well-known 
Cooper's sheep dip from it by precipitating it with a 
current of sulphureted hydrogen. However, to make 
the pure acid purposely by this proceeding would hard- 
ly prove a profitable undertaking, and it has long been 
the custom where an arsenic-free acid is stipulated for 
to use brimstone as the raw product. This brimstone 
acid, as it is commonly called, in order to emphasize 
its freedom from arsenic, is made specially by certain 
firms in the North of England, as there is a regular 
demand for it from manufacturers of mineral water; 
a fact which seems to put those users of the acid, who 
also make articles intended for human consumption, 
in a rather delicate position, if it can be proved that 
they have not exercised the same degree of caution in 
this respect as have the mineral water manufacturers. 

The present scare may result in showing that in all 
eases ic has been the intention to purchase arsenic- 
free acid, but that from some reason or other the 
intention has been frustrated. The fact that com- 
plaints have not arisen before, and that a great many 
samples of glucose, both imported and of home manu- 
facture, have been tested, and found quite free from 
arsenic, certainly goes a long way to prove that the 
sampies which have been found impure, are the vic- 
tims of some unfortunate contretemps rather than of 
premeditated design or criminal negligence. In one of 
the communications to the press, by the way, it is evi- 
dently taken that B.O.V. stands for best oil of vitriol; 
but although it might be possible for legal acumen 
to prove that this is so, to the ordinary person who has 
dealings in the acid it stands for brown or impure 
acid, and nothing more; and if any buyer fail to recog- 
nize this, it must be put down to the deficiency of his 
technical education. 

Considering that the commercial acid costs about $15 


— 


a t 
cent 
into 
sug 
line 
| we 
buy 
dow 
whi 
an 
one 
to t 
che 
whe 
adv 
| abl 
| as | 
bee 
tak 
] to | 
whi 
it 
be 
ma 
tna 
as 
| of 1 
can 
eve 
| con 
ter 
poi 
| TR 
| of 
| int 
| ilte 
Tr 
A me 
lin 
an 
len 
| ne: 
| cal 
| pu 
| | pa 
| an 
ho 
| | dif 
| | | Ba 
| ye 
‘ | 
| | | it 
pr 
| th 
| El 
| ha 
\ 
| 10 
| til 
th 
| | th 
th 
| | | an 
7 \ | | da 
el : 
th 
Bi 
tr 
fo 
he 
7 bi 
wi 
it 
er 
ac 
| T 
of 
| al 
Sl 
pl 
w 
be 
e) 
t 
tl 
it 


January 12, 1901. 


a ton, and arsenic-free $20, and that only a few per 
cent of the acid is required to convert starchy matter 
into glucose, extra cost can hardly be pleaded by the 
sugar manufacturers, unless the competition in this 
line of business is very acute; though in saying this 
we are fully alive to the fact that there are many 
buyers of chemicals who will screw the manufacturer 
down to the lowest possible price—a course of conduct 
which, as we know well from various instances, is but 
an incentive to some sort of adulteration, and possibly 
one difficult of detection. At the present time, owing 
to the rise of cost in raw products and in fuel, many 
chemicals have necessarily been advanced in price, and 
where the buyer obstinately stands out against the 
advance, it is quite possible—we may almost say prob- 
able—that the manufacturer will reduce his quality so 
as to protect himself against absolute loss. 

Sulphuric acid is used in the manufacture of other 
beer materials than glucose, but even if care was not 
taken to use the pure acid, there would be little danger 
to be apprehended, because unlike the case of glucose, 
where the arsenic may remain in the finished product, 
it would in the other cases to which we are referring 
be arrested or removed in an intermediate stage of the 
manufacture. All the same it is reassuring to find 
tnat it is the general rule—the universal rule, in fact, 
as far as our knowledge goes—for the manufacturers 
of these other bodies to use arsenic-free acid, and there 
can be little doubt, in the light of the recent stirring 
events, that brewers who use adventitious aids in the 
conversion of malt into beer wiil specify that the ma- 
terials supplied must be free from any suspicion of the 
poison which has caysed the present commotion. 


TRADE SUGGESTIONS FROM UNITED STATES: 


CONSULS. 


Electrical Industries in Bangkok.—The development 
of the electrical industries in Bangkok presents some 
interesting features to the trade just now, says Ham- 
ilton King, Consul-General of Bangkok. The Bangkok 
Tramways Company, Ltd., received from the govern- 
ment in 1887 a concession for a street railway. This 
line was built in 1889 for horse cars and changed to 
an electric-trolley system in 1892. It is six miles in 
length, and has been doing a constantly increasing busi- 
ness and paying well from the start. 

The city of Bangkok is at present lighted from an in- 
eandescent central lighting station. This plant was 
purchased in Great Britain in 1890 by a Siamese com- 
pany for the purpose of lighting the King’s palace 
and for the use of the public. It was not operated, 
however, until 1894, as the company met financial 
difficulties. Im 1897, the plant was turned over to the 
Bangkok Electric Light Syndicate, which had a twenty 
years’ exclusive franchise to furnish lights for the 
government and for the public; again, in January, 1899, 
it changed owners, going into the hands of what is at 
present known as the Siam Electricity Company. From 
the time this plant was turned over to the Bangkox 
Electric Light Syndicate, it has been operated well, and 
has proved a fairly paying investment. 

The present company has increased its capacity from 
10,000 to 17,000 lamps, and has installed at the present 
time over 10,000 lamps. The second annual report of 
the directors to the shareholders shows a dividend at 
the rate of 4 per cent for the half year. 

Perhaps the most interesting feature just now is 
the fact that the Bangkok Tramways Company, Ltd., 
and the Siam Electricity Company are being consoli- 
dated under the name of the latter. This new company 
has just seured a concession from the government 
to build five and one-half miles of street-railway line 
through thc most promising portion of the city of 
Bangkok. Thus it will be seen that the Siam Elec- 
tricity Company now not only controls the concession 
for lighting the entire city, but such concessions as 
have thus far been granted by the government for 
building street railways. The capital of this company 
will be about $500,000 gold. 

Orders for the supplies have already been placed, and 
it is expected that the road will be in operation by the 
end of next year. 

Before consolidation, the light company furnished 
power only during the night, but since that time it is 
advertising electric power for both night and day use. 
This will probably be taken advantage of by many 
of the smaller manufacturing interests of the city 
and may in itself create quite a demand for electric 
supplies. In connection with this, it may be mentioned 
that the directors of the company have under contem- 
plation the introduction of electric automobiles, to 
which they propose to furnish power. Few c..ies are 
better adapted to the use of automobiles than is Bang- 
kok. The streets are absolutely level, and the pave- 
ment, which now covers many miles, is being rapidly 
extended in all directions. 

Besides this company, there are thirteen private 
electric plants installed in the rice mills of the city; 
two of the forts have their own plants; five ships of 
the navy are lighted by electricity; the navy-yard is 
supplied with five or six portable dynamos; and a large 
installation is owned by the Bangkok Dock Company. 

Another company is just now endeavoring to get a 
concession from the government to build a street rail- 
way on the other side of the river. 

The city of Bangko.. lies on both sides of the Menam. 
This river is quite wide, and has a tidal variation of 
from 6 to 11 feet. The current varies from that of a 
calm stream to the treacherous torrent of the high- 
water season. Water craft of every description abound 
—from the ocean steamer to the little ferry boat of the 
native. There is no connection between tue two parts 
of the city, and, as a result, that portion lying on the 
left bank of the river has enjoyed all the modern im- 
provements, while that on the right bank has been 
neglected. This condition of affairs, however, must 
soon change, for the new railway, which runs south 
to Petchaburee and will be completed within a year or 
two, will extend through that portion of the city on 
the right bank of the river and must cross the stream 
to find access to the present mercantile city, either 
by a bridge or by a closely connecting ferry. 

All these developments in electrical lines have taken 
place during the last ten years, yet the growth to-day 
is far more rarid than ever hefore The three com- 
panies that import electric suppl port that their 
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business has more than doubled during the last twelve 
months, while to my personal knowledge their orders 
during the last two months have exceeded those 
of any twelve months previous. There is a large 
and rapidly increasing business along this line in 
sangkok, and there is no reason why the United 
States should not get a generous share. The tendency 
is toward the American market. The orders for the 
entire supplies of the new tramway, during the last 
two months, have been placed in the United States, 
with the exception of the rails. The order for the 
rails went to England, because the company thought 
they were unable to secure the peculiar kind they 
wished in any other country. This, however, I be- 
lieve, is largely due to want of information on the 
subject, a cause which more familiar acquaintance 
with our manufactures will no doubt set aside. Again, 
a large quantity of the American electrical goods used 
here comes through London and European houses. 
This is another obstacle that can be removed by our 
manufacturers placing themselves in direct communi- 
cation with importers here. American goods are in 
favor, and the prices suit. The importers complain 
of American lack of promptness in attention to busi- 
ness. While goods are delivered here in three months 
from the time they are ordered from Europe and 
England, seven or eight months, and sometimes more, 
are consumed in getting them from the United States. 
This delay should be remedied. It is within my knowl- 
edge that answers to important cables have been 
delayed a full month. 

I quote from a letter just received at this office from 
one of the leading importers of this city: 

“My experience in doing business with the United 
States for the last ten years is that, generally, in the 
United States you get for the same money a better 
article than in most European countries; but, with 
few exceptions, American firms are not prepared for 
business with distant countries. Some of them have 
not even a cable address, and nearly all are slow and 
unsystematic in their correspondence. . . . Ship- 
ping arrangements to Siam are also defective, as much 
as four or five months sometimes elapsing between 
shipments from New York (whence we get most of our 
goods) and arrival in Bangkok. 

“In consequence, we often prefer to order dearer or 
inferior articles from Europe, to avoid delay and un- 
certainty.” 

The packing of the goods, I am pleased to report, has 
been materially improved during the last year. While 
one lot has come in a most unfortunate condition, yet 
the importers, on the whole, report satisfaction in this 
line now. It is to be hoped that the improved condition 
of shipping with all the Far East that will come with 
our more direct communication with the Philippines 
will remedy some of these difficulties; and this, to- 
gether with attention on the part of our manufacturers 
to those points to which reference has already been 
made in this article, will put America in possession of 
her share of this trade in Siam. 

I call attention to the following extract from an in- 
teresting letter from Vice-Consul-General L. E. Bennett, 
which appeared in The Engineering News recently. 
Since Mr. Bennett wrote, I learn that the contracts 
are being made in this city and not in Copenhagen: 

“With reference to present work in Siam, I beg to 
state the following: 

“ Tramways.—Mr. A. Westenholz has just secured a 
new concession to make about 5 miles of new electric 
street-railway line in the city of Bangkok, and has 
effected the consolidation of the present existing street- 
railway line, about 6 miles in length and operated by 
electricity, with the-£lectric Light Company, so that 
the present central lighting plant and the existing elec- 
tric street-railway line and the new proposed line of 
about 4 miles will all be operated as the Siam Elec- 
tricity Company, Ltd. Their capital will b> about $500,- 
000 gold. 

“The electric power will be supplied by the lighting 
company, which will now run day and night, and some 
additional machinery will be required by the company 
for operating the new lines; also rails, ties, fastenings, 
insulators, and copper conductors. 

“The existing line of about 6 miles in length will 
require, at the same time, to be relaid with new rails, 
as the present rails are about worn out. 

“This work will probably be started at once.” 

The leading importers of electrical supplies in this 
city are the Siam Electricity Company, Ltd., the Siam 
American Trading Company, and the Bangkok Dock 
Company. 


Medical Degrees in Germany.—Consul Hughes sends 
from Coburg, November 5, 1900, translation of the 
rules for conferring the degree of uoctor of medicine 
which took effect October 1, as follows: 

The degree of doctor of medicine can be conferred 
only after a thesis has been published and a verbal ex- 
amination undergone. A “ promotio in absentia” will 
not be allowed under any circumstances. By his thesis, 
the candidate must prove that he is able to work in- 
dependently on scientific lines. The thesis must usually 
be written in German, though the use of another lan- 
guage may be allowed by the faculty. A biography of 
the candidate must ve appended. The verbal examina- 
tion consists either of a simple questioning or of an 
“ Examen rigorosum.”’ German subjects can not receive 
the degree before having obtained permission from the 
government to practise as a physician within the 
Empire. 

By a unanimous vote of the faculty and with the per- 
mission of the supervising board, deviations from this 
rule may be granted in particular cases, in which the 
candidate can not, for weighty reasons, be expected to 
comply with them. Foreigners who have received the 
government permission to practise medicine within the 
German Empire are subject to the same regulations 
regarding their promotion to the degree of doctor of 
medicine as those laid down for German subjects. For- 
eigners who do not possess the permit for the German 
Empire and who wish to be promoted should lay before 
the faculty proofs of the following facts: 

(1) That they have had the schooling required in 
their own country for passing the examination and 
eceiving the degree; if in their own country fixed rules 
with regard to this matter do not exist, they will. have 
to show certificates from home in which proof is given 
that their schooling is equal to that required for obtain- 
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ing the matriculation certificate at a German “Real- 
gymnasium,” 

(2) That they have passed through— 

(a) Studies before a regularly organized medical 
faculty for as many semesters as are required in Ger- 
many for admittance to the regular medical examina- 
tions. 

(b) That at least one of those semesters has been 
spent at the German university at which they wish to 
receive their degree. 

This latter rule may be suspended if the candidate 
be well known to the faculty. The printed thesis, 
which must be produced before obtaining permission to 
appear for the degree examination, may, at the fac- 
ulty’s discretion, be replaced by a scientific work of 
the candidate which has already been printeu and pub- 
lished. 


Conditions in the German Iron and Steel Market.— 
For the last seven years the German iron industry has 
been steadily growing, the yearly increase in produc- 
tion during the last three years amounting to a trifle 
over 500,000 tons. During this period, owing to the 
ever-increasing demand, prices have also steadily 
risen, so that an exceptional period of prosperity was 
experienced. The increase in prices began to make 
itself especially felt in the year 1898, continued steadily 
during 1899, and reached its climax in May and June 
of the present year, when, owing partly to the enormous 
increase in the price of fuel and also to the tendency 
of buyers, who regarded any prospect of a fall in prices 
as out of the question, to insure their supplies for the 
whole year, prices reached their highest point. In the 
early part of the year, the United States and England 
were enabled, owing to their home markets being 
quieter, to supply the Continent at cheaper rates; but 
their markets and freights followed the general upward 
tendency. With the outbreak of the war in China, and 
also influenced by the protracted nature of the war in 
Africa, trade in general received a decided check to- 
ward the latter half of July, and since then the iron 
and steel market, in common with nearly everything 
else, has been falling steadily. At the present moment, 
the state of the Rhenish Westphalian and Siegerland 
markets is very unsatisfactory, makers in many cases 
forcing their customers to take delivery of the manu- 
factured iron and steel they contracted for months ago, 
which tends to precipitate matters and force even firms 
that were thought to be quite sound to consider their 
position. The increase in the number of existing works 
has for the moment caused considerable overproduction 
as compared with the demand, and prices have still a 
downward tendency. 

The high freight rates have been very prejudicial to 
the import of American material, but with the enor- 
mous increase of tonnage recently reported, freights 
have droppea considerably; and, as it seems likely that 
for some time the tonnage will be in excess of require- 
ments, American exporters should have a good chance 
of competing successfully in the European markets, 
especially as the price of fuel still remains very high 
and at present shows no signs of falling to any ap- 
preciable extent. 

Competition for all sorts of iron and steel is very 
keen, and the continual shrinkage in home and foreign 
contracts leaves larger quantities to be disposed of at 
the works than is at all desirable. At a meeting of 
the hoop-mill convention, which took place a short time 
ago, it was agreed to maintain the former price of 195 
marks ($46.41) per ton; but offers are known to have 
been made by dealers at prices considerably below the 
list quotation. Rumors are current that, owing to an 
increase in the foreign demand, a fair amount of fresh 
work is likely to soon come to the rolling mills. The 
tube convention has resolved on a change of quota 
tions, raising those of the best sorts, for which Ameri- 
can competition need not be feared, whiie the prices for 
heavier sorts have been reduced. The South German 
rolling-mill convention has also reduced quotations and 
brought them on a level with those of the other German 
syndicates. 

The depression has made itself most felt in the bolt, 
nut, rivet, and kindred trades, prices being at the pres- 
ent moment 60 per cent lower than in the summer and 
still falling, and makers being ready to accept orders 
at almost any price. 

The large engineering and similar works are at 
present fairly well employed, but many smaller ones 
feel the depression and have to discharge some of their 
men; while the larger works all note a decrease of 
orders coming in, pointing to a slack time as soon as 
the work in hand is completed. 

In conclusion, it may be remarked that the outlook 
at the present moment is not good, but it is a more or 
less natural outcome of overproduction ‘and the gen- 
erally unsettled state of politics the world over. Should 
the wars in Africa and China be brought to a speedy 
and satisfactory termination, it is probable that there 
will be a general improvement; and as long as freights 
remain low, there is an excellent chance for American 
iron and steel to obtain a good footing in the German 
market, although exporters will have to reckon with 
a growing tendency in this country to crush American 
competition at any cost, as it is now clearly realized 
that our country is Germany's most formidable rival 
for commercial supremacy.—Charles E. Barnes, Consul 
at Cologne. 


INDEX TO ADVANCE SHERTS OF CONSULAR 
REPORTS. 


No. 918. December 24.— Butter and Margarin in Belgium- 
Steamship Service to the Eastern Pacific— Coal Prices in New 
South Wales—Commercial High Schoo! for Basel. 

No, 919. December 26,—*German vs. American Exports 
and Industries—*South American Steamship Service. 


No. 920. December 27,—*Kafia Fiber in Madagasear — *In- 
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in South Africa. 
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paratus in Germany— Mining Claims in Mexico. 
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from the Hule Plant in Mexico—*Canadian Lumber Exports— 
Prohibition of German Meats by Russia. 


The Reports marked with an asterisk (*) will be published in the 
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TRADE NOTES AND RECEIPTS. 


Stove Polish.—Melt 12 parts of ceresine and 10 
parts of Japanese vegetable wax. To the half-cooled, 
but still liquid, mass add a trituration of lampblack 
12 parts and graphite 10 parts, with 100 parts of oil 
of turpentine, and stir until completely cooled off.— 
Oesterr. Farben und Lack-Zeitung. 


Improved Luminous Mass.— According to experi- 
ments by Rodriguez-Mourelo, the following mixture 
gives an excellent luminous mass which, besides great 
luminosity retained for a long time, possesses the ad- 
vantage of having to be exposed to the light only for 
a short time. 

Mix 2 grammes of dehydrated sodium carbonate, 0.5 
gramme of sodium chloride and 0.2 gramme of man- 
ganic sulphate with 100 grammes of strontium carbon- 
ate and 30 grammes of sulphur and heat three hours 
to a white heat with exclusion of air.—Moniteur Sci- 
entifique. 

Bau de Toilette “Lubin.”—Fr. Tollner gives the 


following receipt for the preparation of the above 
toilet water: 


Bergamot oil. 10.0 
Spirit of wine (90 per cent)............. 550.0 


Mix and filter. Pharmaceutische Zeitung. 

To Pierce Rubber Nipples.— Levy recommends the 
following method to put small holes, preferably 3 to 4 
in the nipples in a simple and practical manner, so 
that the milk does not enter the baby’s mouth direct, 
but only by means of sucking motions. Take a little 
pointed piece of wood, for instance a toothpick, intro- 
duce it into the top of the nipple consisting of soft 
rubber and push it up so that a fold of about \% to 1 
em. results. Next, the point of the pick is cut off, to- 
gether with the thinly stretched out rubber layer, by 
means of a sharp scissors. In this manner a sharp- 
edged hole of the same size as in the feminine breast 
is obtained. Repeat the process according to the num- 
ber of holes desired.—Munchener Medicinische Woch- 
enscrift. 


Bottle Wax Insoluble in Alcohol.— The bottle waxes 
constituting a mixture of resin, fillers and dyestuffs, 
as used heretofore, are soluble in spirit. But if the 
colophony used is transformed into the abietates of 
the alkaline earthy metals and heavy metals and.the 
varnish is preparea with the aid of hydrocarbons of 
the earth oil, insoluble in alcohol, it is saiu to be abso- 
lutely insoluble in alcohol, resisting atmospheric in- 
fluences, and hence preferable to other closures when 
it is desired to close up spirituous liquors hermeti- 
eally. Aside from the control effected by the seal 
impression, the employment of an alcohol-insoluble is 
also of importance economically in that tue rather 
considerable by evaporation of spirit, owing to 
poor closing agents, may now be lessened.—Pharma- 
ceutische Zeitung. 


loss 


Production of Waterproof Paper.—A new process 
patented in Austria concerns a composition which is 
to serve as a waterproof coating for paper, or as an 
admixture imparting waterproof properties to the 
paper. The mass consists of albuminous substances—- 
albumen or gluten—of caoutchouc or gutta percha, or 
any caoutchouc or gutta percha substitute, or of lin- 
seed oil varnish. 

If great flexibility is desired, glycerin, 
lasses, fat, oil, etc.. may be added to the 
The coating is produced as described below: 

Dissolve the albumen or the giuten, cold, in an equal 
quantity (by weight) of water or any other solvent. 
A solution of equal density is prepared by dissolving 
caoutchouc, gutta percha or their surrogates in ben- 
zine. These solutions are thoroughly mixed by hand 
or by machine, in varying proportions according to 
the purpose they are to be used for. In order to pre- 
vent the albumen or the gluten in the mixture from 
decomposing, a slight quantity of salicylic acid or 
earbolic acid is added. 

For example, two mixtures are given, 
with substances for obtaining a greater pliancy, 
first without. 


sirup, mo- 
coat-mats. 


the second 
the 


Parts by Weigut. 

1. Albumen or gluten........... 
Salicylic or carbolic 
Caoutchouc or gutta percha, or their sub- 


Salicylic or carbolic acid........ccceseccess 0.25 
Glycerin, sirup, fat or oil.............. 5 to 18 
When the mixture is done the albumen contained 
therein is caused to coagulate; for instance, by draw- 
ing the paper coated w... it through hot rollers. The 


albumen may also be coagulated before by heating the 
water in which it is dissolved. The coagulated al- 
bumen is then separated from the water and mingled 
with the other ingredients as enumerated. The 
caoutchouc used for the mixture or the gutta percha 
is vulcanized in the customary mariner, but the vul- 
canizing may also be done before the coggulation of 
the albumen in the mixture. These processes can 
take place simultaneously, by adding the sulphur des- 
tined for the vulcanization to the caoutchouc solution 
before same is mixed with the albumen solution and 
heating the mixture. 

The coating or saturating composition is thinned 
with benzine, turpentine, oil or other solvents, and 
thus applied by hand or machine on the paper to be 
waterproofed once or repeatedly after a thorough dry- 
ing each time. The impregnating mass may be mixed 
with paper fibers in pulping machines, thus obtaining 
a mass suitable for the production of plastic water- 
proof articles. 

Objects covered or impregnated with this mass are 
said to behave as though made waterproof with caout- 
choue only.—Neueste Erfindungen und Erfahrungen. 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 13806, 


VALUABLE BOOKS , 


just | PUBLISHED 
The Progress of Invention in the Nineteenth 
Century. 


By EDWARD W. BYRN, A.M. 


480 300 Illustrations. Price 
Half Red Moroceo, Gilt Top, 


The most important book ever published on Spvention and discovery. 
It_is as readable as a novel, being written in popular style. 

The book gives a most comprehensive and coherent account of the pro- 
ress which distinguishes this as the “ golden age of invention,” resulting 
in industrial and commercial development which is without precedent, 
A chronological calendar of the leading inventions is one of the most im- 
— features of the book, enabling the reader to refer at a glance to 
mportant inventions and discoveries of any particular year. The book is 
orinted with large type, on fine paper, and is elaborately illustrated with 
a U engrav ings and is attrac tively bound. 


Large Octavo. 3 by Mail, Postpaid. 


EXPERIMENTAL SCIENCE. 


By GEORGE M. HOPKINS. 


This is a book full of interest and value for teachers, students and others 
who desire to impart or obtain a practical knowledge of Physics. 

This splendid work gives young and old something worthy of thought. 
It has influenced thousands of men in the choice of a career. It will give 
anyone. young or old. information that will enable him to comprehend the 
great improvements of the day. It furnishes suggestions for hours of in- 
structive recreation 

edition. Revised and enlarged. pages. 82 illustrations. Ele- 
ny bound in cloth. Price, by mail, pastpaid, $4.00; Half Morocco, 


THE SCIENTIFIC AMERICAN 


Cyclopedia of Receipts, Notes and Queries 


Edited by ALBERT A. HOPKINS. 


This splendid work contains a careful compilation of the most useful 
Receipts and Replies given in the Notes and Queries of correspondents 
as published in the SCIENTIFIC AMERICAN during the past fifty years; 
together with many valuable and important additions. 

Over twelve thousand selected receipts are here collected ; 
every branch of the usetul arts being represented. It is by far the most 
om rehensive volume of the kind ever placed before the public. 

> ba) receipts. TH pages. Price @5 in cloth; $6 in sheep; $6.40 in 
naif moroeco ; post pad. 


A COMPLETE ELECTRICAL LIBRARY. 


By Prof. T. O‘';CONOR SLOANE. 


An inexpensive library of the best books on Electricity. Put up ina 
neat folding box. For the student, the amateur, the workshop, the 
electrical enginees, schools and « ~olleges. Comprising five books as follows: 
Arithmetic of Electricity, 138 pages. . 
Electric Toy Making, 140 pages ou 
to Become a St sful trician. ‘pages: 
Standard Electrical D onary, 682 pag 
Electricity Simplified, 158 pages 

Five volumes, 1.3)! pages, and over vi) illus 


A valuable and fadiobe nsable addition to every library. 

Our Great “pecial Offer.—We will send prepaid the above five 
volumes, handsomely bound in blue cloth, with silver lettering, as. oo 
closed in a neat folding box, at the Special Reduced Price of s 
tor the complete set. The regular price of the five volumes is $7. 


MAGIC 
Stage Illusions and Scientific Diversions, including Trick 
Photography. 
By A. A. HOPKINS. 


work appeals to old and young alike, and it is one of the most 
tractive holiday books of the year. The illusions are illustrated by the 
highest class of engravings, and the exposés 
furnished by the prestidigitators the Conjuring, 
iHlusions, fire-eating, sword -swaliowm ventriloquism, mental 
magic, ancient magic, automata, curious toys, stage effects, photographic 
trieks. and ‘the projec tion of moving photographs are all well deseribed 
and iMustrated, making a handsome volume. It is tastefully printed and 
bound. Acknowledged by the profession to be the Grane dard Work on 
Magic. %*8 pages. $20 illustrations. Price $2.50. 


AN AMERICAN BOOK ON 


Horseless Vehicles, Automobiles and 
Motor Cycles. 


OPERATED BY 


Steam, Hydro-Carbon, Electric and Pneumatic Motors. 
By GARDNER D. HISCOX, MLK. 


This work is written on a broad basis. and comprises in its scope a full 
illustrated description with details of the progress and manufacturing ad- 
vance of one of the most important innovations of the times, contributing 
to the pleasure and business convenience Of mankind. 

The make-t nd management of Automobile Vehicles of all kinds is 
liberally treated, and in a way that will be appreciated by those who are 
reaching out for a better knowledge of the new era in locomotion. 

The book is upto date and very fully Ulustrated with various types of 
Horseless Carriages, Automobiles and Moter Cycles, with details of the 
same. Laswe svo. About 459 pages. Very fully illustrated. Price $3.00, 
post paid. 


ENGINE CONSTRUCTION. 


By HENRY V. A. PARSELL, Jr., Mem. A. L. Elec. Eng., and 
ARTHUR J. WEED, M.E. 


PROFUSELY ILLUSTRATED. 


This book treats of the subject more from the standpoint of practice 
than that of theory. The principles of operation of Gas Engines are 
clearly and simply described, and then the actual KAR. of a balf- 
horse power engine is taken up. 

First come directions for making the patterns; this 1s followed by all 
the details of the mechanical operations of finishing up and fitting the 
castings It is profusely Ulustrated with beautiful engravings of the 
actual work in prowress, showing the modes of chucking, turning, boring 
and finishing the parts in the lathe, and also plainly showing the fining up 
and erection of the engine 

Dimensioned wor rking drawings give clearly the sizes and 
forms of the various details, 

The entire engine, with the e xee ption of the fiy-wheels, is designed to 
be made on a simple eight-inch lathe. with slide rests. 

The book closes with a chapter on American practice in Gas Engine 
design and gives simple rules so that anyone can figure out the dimensions 
of similar engines of other powers 

Every illustration in this book is new and original, having 
been made expressly for this wer 

_ Large 8vo. About 30 pages. Price 22.50. postpaid. 


MECHANICAL MOVEMENTS, 


Powers, Devices, and Appliances. 
By GARDNER D. HISCOX, MLE. 


A Dictionary of Mechanical Movements. Powers, Devices and Appli- 
ances, embracing an illustrated description of the greatest variety of 
mechanical movements and devices in any language. A new work on 
illustrated mechanics, mechanical movements, devices and appliances, 
covering nearly the whole range of the practical and inventive field, for 
the use of Machinists. Mechanics, Inventors, Engineers, Draughtsmen, 
Students and all others interested in any way in the devising and opera- 
tion of mechanical works of any k 

Price ‘ice 


Large 8vo. 400 pages illustrations, 
Liquid Air and the Liquefaction 0 of Gases. 
By Prof. T. O'CONOR Sis- ANE. 


This book contains the full theory of the subject. It gives the entire 
history of the Liquefaction of Gases from the earliest time to the present, 
and contains an illustrated description of all the experiments that have 
excited the wonder of andiences all over the country. It is a logical 
explanation and application of the princip! 2s of liquefac tion, a history of 
the theory, discovery and manufacture of liquid air. A book that renders 
simple one of the most perplexing chemical problems of the centu 
Startling developments illustrated by actual experiments. It is not on y 
a work of scientific interest and authority, but is intended for the general 
reader, being written in a popular style “pastly aie by everyone. 

#5 pages. With many illustrations. Price $2.5 


tw Full descriptive circulars of above books will be pie free upon ap- 
plication. 


MUNN & CO., Publishers, 361 Broadway, h. Y. 


nearly 


January 12, 1901, 
Tra» 


Scientific American Supplement. 


PUBLISHED WEEKLY. 
Terms of Subscription, $5 a Year. 


Sent by mail, postage prepaid. to subscribers in any 
part of the United States or Canada. Six dollars a 
year. sent. prepaid, to any foreign country. 

All the back numbers of THE SUPPLEMENT, from the 
commencement, January 1, 1876, can be had. Price, 
10 cents each. 

All the back volumes of THE SUPPLEMENT can like- 
wise be suppiied. Two volumes are issued vearly. 
Price of each volume, $2.50 stitched in paper, or $3.50 
bound in stiff covers. 

COMBINED RATES.—One copy of SCIENTIFIC AMERI- 
CAN and one copy of SCIENTIFIC AMERICAN SUPPLE- 
MENT, one year, postpaid, $7.00 

A liberal discount to booksellers, news agents and 
canvassers 

MUNN & CO., Publishers. 361 Broadway, New York. 


TABLE OF CONTENTS. 
PAGE 
i. AGRICULTURE.—Distribution of Seeds by Wind.................. 20939 


H. ARCH ZOLOGY.—The Mechanism of Amphitheaters.—2 illustra- 
tio! 


lll BOTANY AND HORTICULTURE.—Cryptostemma 
cum,.—|1 illustration. 
Effect of Incandescent Gaslight on Plant Growth 
Arsenical Sulphuric Acid............. 20940 


1V. CHEMISTRY.— 
Vv. COMMERCE.—Trade Suggestions from United States Consuls... 
Cc look. —By N. MONROE Hop- 


VL 


HEILPRIN 
VIIL METEOROLOGY. Congresses of Meteorol- 
ogy and Aeronautics at Pa 
1X. MISCELLANEUUS. tea Notes and Receipts............... 
xX. Method of Testing Glass Surfaces.—By EDMUND 
XI. STEA M "ENGINEBRING,—The Steam Turbine: The Steam En- 
gine of Maximum Simpiicity and of Highest Thermal Efficiency. 
—By ROBERT H. THURSTON.—11 illustrations. 


xii. TRCHROLOGY. 
M. DAVIDSON 


—Eaameline Metal.—By W. T. 


XI. TRAVEL AND EXPLORATION.—In Justice to Vespucci..... 
The German Colony of New Guinea.—lI1 illustrations............. 


Automobiles 


The ScrIENTIFIC AMERICAN for May 13, 1899, is 
devoted mainly to illustrations and detailed de- 
scriptions of various types of horseless vehicles. 
This issue also contains an article on the mechanics 
of the bicycle and detailed drawings of an automo- 
bile tricycle. Price 10 cents. 

The following copies of the ScIENTIFIC AMERI- 
CAN SUPPLEMENT give many details of Automo- 
biles of different types, with many illustrations of 
the vehicles, motors, boilers, ete. The series make 
a very valuable treatise on the subject. The num- 
bers are: 732, 979, 993, 1053, 1054, 1055, 1056, 1057 
1058, 1059, 1075. 1078, 1080, 1082, 1083, 1099, 1100, 
1113, 1122, 1178, 1195, 1199, 1206, 1210. SuPPLE- 
MENT No. 1229 contains a highly interesting article 
giving full data as to operating costs of horse and 
electric delivery wagors in New York city. Price 
10 cents each, by mail. For sale by all newsdeal- 
ers, or address 

MUNN & CO., Publishers, 


361 Broadway, New York City. 


BUILDING EDITION 


OF THE 
SCIENTIFIC AMERICAN. 


Those who contemplate building should not fail to 


subscribe, 
ONLY $2.50 A YEAR. 


Semi-annual bound volumes $2.00 each, yearly 
bound volumes $3.50 each, prepaid by mail. 

Kach pumber contains elevations and plans of a 
variety of country bouses; also a handsome 


COLORED PLATE. 
SINGLE COPIES - - - - 25 CENTS EACH, 
MUNN & CO., 36! Broadway, New York. 


ATENTS! 


MUNN & CO., in connection with the publication of 
= the SCIENTIFIC AMERICAN, continue to examine im- 
+) provements, and to act as Solicitors of Patents for in- 
ventors. 

In this line of business they have had over fifty years’ experience, and 
now have unequaled facilites for the preparation of Patent Drawings, 
Specifications, and the prosecution of Applications for Patents in the 
United States, Canada, and Foreign Countries. Messrs. MUNN & Co. also 
attend to the preparation of Caveats, Copyrights for Books, Trade 
Marks, Reissues, Assignments, and Reports on Infringements of Patents, 
All business intrusted to them is done with special care and promptness, 
on very reasonable terms. 

A pamphiet sent free of charge on application containing ft!! informa- 
tion about Patents and how to procure them; directions concerning Trade 
Marks, Copyrights, Designs, Patents, Appeals, Reissues, Infringements, 
Assignments, Rejected Cases, Hints on the Sale of Patents, etc. 

We also send, free of charge, a Synopsis of Foreign Patent Laws = 
the ee method of securing patents in all the principal countries 


MUNN & CO., Solicitors of Patents, 
361 Broadway, New York. 
BRANCH OFFICES.—No. 625 F Street, Washington, D.C, 
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